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Supervising Editor’s Note 


Some time ago when this work was still 
definitely in the prenatal stage, the editor 
made a careful and exhaustive survey of 
all the available books dealing with the 
broad subject of surgical treatment. This 
survey showed clearly that, while there 
was no lack of books, there was none filling 
a certain need. The foregoing statement 
should not be taken as implying that the 
existing works on surgery are without merit. 
Many of the works on operative surgery 
list a large number of operations, although 
many of these operations are now obsolete 
or at least obsolescent, and are of historical 
rather than of current clinical interest. 
Also, in many instances, the reader is not 
fully informed concerning the difficulties, 
disadvantages, and contraindications for 
the various procedures, the discussion being 
limited to the operation itself. 

The editor determined, therefore, that 
the present was an opportune time to pro- 
duce an entirely new work on surgical 
treatment. It seemed advisable to eslablisb 
a pattern of treatment and coverage for 
each field which would safeguard against 
omissions and would present the up-to-date, 
authoritative material in the most concise 
and usable form. This pattern would in- 


clude not only the operation itself, but also 
indications for it, a full discussion of the 
preoperative preparation of the patient, 
the common sequelae, a full presentation 
of the prognosis, and a complete discussion 
of the most approved postoperative treat- 
ment. In this connection it was recognized 
by the editor, the associate editor, and the 
individual contributing authors, that be- 
cause of the special problems in presenting 
some fields, this pattern should not be a 
straitjacket but that some concessions and 
commonsense adjustments would have to 
be made. 

Since this is primarily a work on surgical 
treatment, no attempt has been made, in 
general, to present the diagnostic problems 
or the etiology. However, these subjects 
have been taken up when it seemed neces- 
sary in order to assure attainment of the 
over-all picture which it is the purpose of 
the book to present. 

The bibliographic references have been 
carefully selected to cover only the most 
important material rather than to accumu- 
late a long list which, while they may bear 
testimony to the erudition and diligence of 
the author, would be of little value to the 
reader. 


Frederic W. Bancroft 



Preface 


Disregarding the outmoded and illogical 
attempts which are still made to define 
stnctlj the mutual limits of orthopedic 
surgery and general surgery , these \olumes 
purpose to present the surgical treatment 
of all conditions m\ol\ing a physiologic 
unit— the motor skeletal system The sys 
tern IS comprised of the skeleton and those 
structures nhich prmide for its support and 
motor activity— the bones the joints which 
articulate them, the muscles, tendons, fas 
ciae and ligaments which motorize and 
stabilize the joints and the bursae asso 
ciated with those stnictures Neurologic 
structures as such do not belong m this 
system, but the results of neurologic le 
sions may require operation or other sur 
gical treatment applied directly to the 
motor skeletal structures affected Only 
such results of neurologic lesions are dealt 
with On physiologic grounds there are 
therefore included all conditions which 
involse the skeleton and the structures di 
rectly concerned in its support and motor 
ization, whether the disturbing lesion be 
trauma, disease, tumor, or deformity On the 
same basis lesions of the extremities or 
trunk not directly imoUing the function 
mg of the motor skeletal system have been 
excluded 

The title, Surgical Treatment, implies 
that all procedures, operative as well as 
nonoperalive, utilized in the care of the in 
dividual conditions are included m the test 
All discussion of the general features of 
operating room technic, pre and post 
operative care of the patient as a whole, 
chemotherapy, and similar phases of gen 
eral surgical care are omitted Any vana 
tion from ordinary surgical technic called 
for in the surgery of the motor skeletal 
system will be specifically cited 


These are not designed as reference \ol 
umes They are designed for the use of 
the average genera! surgeon and orthopedic 
surgeon over the country at large who has 
to deal with lesions involving the motor 
skeletal system The material has been 
presented from the standpoint of indicat 
mg what to do, when to do it, how to do 
It, and what not to do for the various con 
ditions affecting this system The subject 
matter is grouped, insofar as is possible, 
according to the type of disturbance m 
volved, and the mduidual contributors have 
been given great latitude in the expression 
of their personal opinions and preferences 
At the same time, the attempt has been 
made to include all of the more commonly 
used and justified procedures This natu 
rally leads, m some instances, to seemingly 
contradictory opinions by the various con 
tnbutors on treatment rationale or proce 
dure in various regions of the body WTiere 
these apparent contradictions are not ade 
quately discussed m the text, the reader 
will find explanatory editorial comment, or 
will be referred to a section in the second 
volume (Chapter 22 ) on general considera 
lions to clarify the situation This arrange 
ment allows, we believe, the inclusion of all 
valid viewpoints m the presentation of the 
subject 

There is some duplication in the descrip 
tion of operative procedures This has been 
allowed to stand whenever an individual 
contributors description contains a vana 
tion or variations in technic and procedure 
which are a matter of interest or practical 
importance Cross reference to such dupli 
cation IS provided lo the text by the editor, 
who has enclosed his interpolated remarks 
wnthm brackets 

The illustrations are designed to combine 
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clarity of presentation and pleasing appear- 
ance in that order of importance, and no 
illustrations have been included unless it 
was felt that they provide needed clarifica- 
tion of the text 

The cheerful and wholehearted coopera- 
tion of the contributors to this volume 
leads, we hope, to a coordinated presenta- 
tion of the snTg\cal treatment of those con- 
ditions which affect a physiologic unit— the 
motor-skeletal system 

Due to the exigencies of wartime condi- 
tions, many and varied obstacles to the 
publication of these volumes have arisen. 
Through all the difficulties which have 
been encountered and despite all the delays 
and adjustments thereby necessitated, the 
contributors have stood by valiantly, and 
I should be remiss if I did not take this 
opportunity to express my heartfelt appre- 
ciation of their efforts and forbearance. 

The chapter on Military Surgery was 
originally written just before our entry into 
World War 11. With his usual directness 
and efficiency, the Surgeon-General of the 


Army has cooperated to the full in helping 
to bring that chapter as nearly up to date 
as the constantly changing conditions of the 
present conflict make possible— this, de- 
spite his many and arduous duties and 
responsibilities We are duly and appre- 
ciatively grateful, and assume full respon- 
sibility for any shortcomings which may 
exist in that chapter. 

Because of the fact that many of the 
authors are in service with the Armed 
Forces, proof has been read by the editor. 
He asks the indulgence of the individual 
writers under the circumstances, and as- 
sumes responsibility for any error which 
may exist. 

The publishers, J. B. Lippincott Com- 
pany, have stepped into a difficult situation, 
and have exhibited a consideration and 
cooperativeness which have made it finally 
possible to issue the publication 

I am deeply indebted to my secretary, 
Miss Qara Barry, for her unremitting and 
efficient aid in the preparation of the manu- 
script. 


Clay Ray Murray 
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part of, that treatment General apprecia 
tion of this fact will lead to more intelligent 
consideration of both the patient and his 
lesion m the treatment of trauma The 
question is discussed in detail below 

Rather than enter here into a long and 
detailed discussion of the rapid progression 
of significant events in the tissues follow- 
ing trauma, let us state (1) that the process 
covers a period of hours not days, (2) that 
until it has reached its maximum our treat 
ment measures are designed to stop its 
progress and to minimize its extent, (3) 
that after it has reached vts maximum we 
have the much more difficult problem of 
eliminating Us results before mleUigcnt 
treatment of the primary condition can be 
earned out, and (4) that it is frequently 
impossible to meet the latter problem more 
than partially 

We may discuss some therapeutic guides 
on the basis of these factual statements and 
their implications These therapeutic guides 
ate founded on clinical experience verifying 
the statements and not on theory based on 
them It may well be said that many of the 
points discussed are extremely elementary 
They are, and advisedly so It is the over 
looking of elementary principles, the mis 
interpretation of them as rigid rules, or 
their wrongful application which most often 
leads to doing the wrong thing or the right 
thing at the wrong time 

THERAPEUTIC GUIDES 

1 The prompt application of adequate 
first aid and emergency care is one of the 
more important factors in minimizing the 
difficulties of subsequent definitive treat 
ment It is described, therefore, in some 
detail below 

2 It is commonly stated that reduction 
should be accomplished as soon after injury 
as possible This statement of a principle is 
capable of misinterpretation Its meaning 
could be more clearly expressed by saying 
that reduction should usually be accom 
plisbed, no matter what the method used. 


before the progressive pathologic changes 
in the tissues have become complete, when 
ever possible This covers a variable period 
of time of from 12 to 24 hours, and is to be 
interpreted for the individual patient m 
terms of the amount and character of the 
swelling and of loss of elasticity in the tis 
sues This factor exerts a great influence 
in modifying the application of all traction 
or traction suspension methods, and in the 
operative reductions These matters are dis 
cussed in greater detail below 

Reduction before the tissues become 
tense with swelling and indurated by in 
filtration with hemorrhage and exudate is 
easier, more apt to be satisfactory, and is 
easier to maintain when secured Adequate 
first aid, particularly if traction is em 
ployed, IS effective in slowing up the rate 
of this change and m limiting its extent 
When the case is seen after the pathologic 
changes in the tissues are well established, 
it IS often wise and logical to delay re 
duction until intensive active therapy can 
restore the soft parts to a relatively normal 
state, particularly if the fracture site is sur 
rounded by muscle bellies 
This does not mean waiting for the swell 
ing to go down it means the employment 
of such active therapeutic measures as mod 
erate elevation of the part the use of low- 
degree constant or prolonged heat in any 
form, the use of massage, the active exercise 
of such muscles as can. he safely used, the 
substitution for active muscle exercise by 
the Smart or Bristow coil (discussed below 
under physical therapy measures), and the 
employment m cases of extreme soft part 
tension and infiltration of brachial or para- 
vertebral novocaine block Within 24 or 
36 hours of such a regime, many a tense, 
swollen, and indurated extremity, with con 
gealed and inelastic muscles, can be ren- 
dered relatively normal in size and in tissue 
consistency Reduction measures may then 
be used with greater ease, with less violence 
and trauma, and with greater success 
At times it IS possible to combine the 
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reduction measures and the treatment di- 
rected against the accumulated pathologic 
state in the tissues— as in the traction- 
suspension methods described below. This 
is sometimes a great blessing, as in supra- 
condylar fractures of the humerus with 
threatened Volkmann’s ischemia (see Chap- 
ter 31 and also Volkmann’s Ischemia below). 
In some fractures, such as Colics’, finger 
and hand fractures, single malleolar ankle 
fractures, and vertebral compression frac- 
tures, reduction may be carried out at any 
time, since the influence of the soft-part 
pathologic state on reduction and mainte- 
nance of reduction is negligible. 

There is, however, no question but that 
reduction before the establishment of the 
pathologic state in the soft tissues is al- 
ways advantageous, and that the earlier it 
is done the better. 

3, It is commonly stated that the reduc- 
tion should be as complete and accurate as 
possible and should be accomplished nith 
as little trauma as possible. 

The latter part of this statement is uni- 
versally true. The attempt should be to 
‘•wish” the fragments into place. This re- 
quires accurate determination of the dis- 
placement present, knonledge of the mus- 
cular and mechanical forces to be dealt 
with, and due consideration for the patho- 
logic condition in the surrounding soft 
parts and for the anatomic structures lying 
therein. It calls, moreover, for skillful em- 
ployment of the mechanical forces available 
— for the use of force rather than violence, 
of intelligence rather than brute strength. 

A few examples may ser\’e to make these 
differences clear. In fractures of one or both 
bones of the forearm in which there is 
obliquity from above on the volar surface 
to below on the dorsal surface (Fig. 521 a) 
with the lower fragment displaced dorsally 
(the common displacement), it is obvious 
that straight traction would have to elon- 
gate the part considerably beyond normal 
to allow of pushing forward the dorsally 
displaced fragment. If the dorsal peri- 


osteum is intact, as is frequently the case, 
this is practically impossible. If the dorsal 
periosteum is torn it may be possible if the 
muscles are not too infiltrated, but only at 
the expense of badly overstretching mus- 
cles, or of tearing individual fibers, to gain 
length. Shifting of the distal fragment to 
one side or the other of the proximal one. 



Fic. 521. Reduction by ‘‘toggling.” 

(a) Fracture of lower radius with ob- 
liquity unfavorable for reduction by 
traction and countertraction forces (ar- 
rows). Reduction would necessitate e.x- 
tension beyond normal length of bone. 

(b) “Toggling,” accomplished by dorsi- 
flexion of distal fragment during trac- 
tion in direction of arrow and pressure 
distalnard by thumb of other hand in 
direction of arrow. Once the ends of the 
two long surfaces are slid by one an- 
other, traction and push can be changed 
to easily complete reduction, as shown 
by arrows, (c) Fracture with obliquity 
allowing of easy reduction by mere trac- 
tion and countertraction. 

so as to be able to slide them together 
medially or laterally, is often rendered im- 
possible by the structures attached to the 
bones (interosseous membrane and mus- 
cles). 

A simple procedure embodying the well- 
known principle of toggling solves all these 
difficulties with a minimum of trauma. It is 
illustrated in Fig. 521 b This same pro- 
cedure would obviously also be called for 
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in fractures m the same location m which 
marked serration of the fragment ends ex- 
isted It IS, of course, applicable under 
similar conditions in many other regions 
When the fracture, however, shows an 
obliquity from below and volatly upward 
and dorsally (Fig 521 c), traction merely 
enough to gam normal length plus moderate 
direct forward pressure on the distal or 
dorsal fragment is completely adequate 
unless there is coincident interposition of 
tissue evidenced by absence of bony crepitus 
during attempted reduction 
Any critical analysis of the situation 
would preclude the attempt at violent 
manipulations in straight traction in the 
first two types described, and would lead 
to the adoption of the mechanically ade 
quate and least traumatiiing procedure as 
the initial one Yet this is very frequently 
used, if at all, only after the straight trac- 
tion and manipulation have failed, and 
have, incidentally resulted in additional 
trauma comparable to that of the original 
injury 

Fracture of the neck of the femur is 
another example of the point at issue The 
essential forces employed in the reduction 
of this fracture b> closed methods are in 
ternal rotation and abduction of the shaft 
and the amount of force is evidenced by 
the degree of each obtained, not by the 
\iolence with which each is carried out 
Very little traction is needed Moreover 
if end to side position is present some form 
of preliminary lateral traction js essential 
(see Chapter 35) In the latter instance no 
closed reduction can be accomplished with- 
out lateral traction Internal rotation should 
be earned to but little beyond normal 
limits, and abduction to the limits bq^ond 
normal which will indicate that a coxa 
\alga position of the desired degree has 
been obtained These procedures can be 
carried out slowly with %ery little violence 
There really should be nothing shocking 
about the closed reduction of a fracture of 
the neck of the femur 


The common statement that the reduc 
tion should be as complete and accurate as 
possible IS true as a generality but requires 
intelligent interpretation in the individual 
case 

In the lower extremity, because of the 
functional importance of weight bearing 
lines and strains on it and on the super 
imposed torso, the statement becomes 
nearly universally true 

In apophyseal fractures, on the other 
hand, it is frequently not true There is a 
great deal of unnecessary and uncalled for 
trouble and disability time wasted on regard 
for meticulous replacements of humeral 
greater tuberosities, humeral internal epi 
condyles, femoral lesser and greater tro 
chanters, vertebral transverse processes, 
iliac spines etc These become important 
only when the degree and type of displace' 
merit arc known to result in impairment of 
the function of the muscles attaching to 
them or in interference With the function 
of an adjacent joint 

In the upper extremity, impacted frac- 
tures of the surgical neck of the humerus 
in even marked adduction deformity m the 
elderly and fractures of the anatomic neck 
with gross displacement (Chapter 29), 
Colies’ with moderate deformity in the 
aged or in the arthritic (Chapter 32), adult 
radial head fractures with displacement 
(Chapter 31), and humeral shaft fractures 
(Chapter 30) offer frequent exceptions to 
the application of the general principle of 
accurate and careful reduction In general, 
nevertheless, the principle holds true 

In fractures m children it is known that 
the inherent growth powers will correct 
residual deformity to a really remarkable 
degree This power is most marked in the 
infant and diminishes steadily up to the 
time of epiphyseal closure, when it ceases 
to function The viewpoint has been taken 
by some that no attempt at accurate re- 
duction need be made m a child In general, 
such a viewpoint is in error In fractures of 
the newborn it is valid, since the difficulty 
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of maintaining the reduction is frequently 
an insurmountable obstacle (Chapter 43). 

In the older infants and young children 
as accurate a reduction as possible should 
be attained short of radical procedures such 
as skeletal traction or open reduction. The 
inherent growth factor in the child should 
be given as little as possible to correct — it 
should constitute a hope to make up for 
our deficiencies, not a substitute for our 
efforts. The author agrees thoroughly with 
the remarks made by Walter E. Lee in 
Chapter 36 in reference to this matter in 
fractures of the femur in children. 

In fractures of the radius in children, 
even of the greenstick variety, an angular 
deformity is very slow to correct if the 
angulation is against the normal curve of 
the radius, and in older children may not 
correct at all. The persistence of this re- 
versed radial curve leads to a loss in rota- 
tion in a surprising number of cases, even 
though the reverse angulation be moderate. 
\^Tien the angulation is in the normal curve 
of the bone, on the other hand, the correc- 
tion in >oungec children is rapid, and the 
interference with rotation does not manifest 
itself even when some deformity persists 
(Fig. 522). It is unfortunate that the view- 
point that correction is unnecessary in chil- 
dren has been applied rather generally in 
supracondylar fractures of the humerus. 
Correction of the anteroposterior displace- 
ment is essential in those cases with vascu- 
lar embarrassment, and uncorrected lateral 
tilts and rotations are responsible for many 
of the changed cariying angles which are 
so frequently seen in adequate follow-ups 
on these cases. A changed carrying angle 
is like a reverse curs'e in a radius in that 
it is slow to correct and apt to persist. It is 
true that functional activity is not impaired 
by the change in angle, with the exception, 
perhaps, of a certain number of slow and 
gradual ulnar palsies in cases with increased 
carrying angle. But the appearance is un- 
sightly, and is particularly annoying in a 
girl (see Chapter 31). 


In children in their later teens there 
should be no difference in viewpoint from 
that held for adults as regards correction 
of displacements. Their powers for correc- 
tion by that time have become slight and 
the time left during which it can be exer- 
cised is too short to have any practical 
v'alue. 

A word regarding correction in epiphyseal 
separations. The amount of displacement is 
no criterion as to the possibility of subse- 
quent growth disturbance. Complete growth 
stoppage is seen in cases in which little or 




Fig. 522. Fracture of radius with 
angular deformity, m (a) in a direction 
re\'ersing normal cun'e of radius in a 
lateral view, and in (b) m a direction 
increasing normal cur\’e. 

no actual displacement can be demon- 
strated, and cases with complete displace- 
ment may show no growth disturbance 
whatever. Aitken of Boston published the 
analj'sis of a scries of 100 cases in which 
it seemed to be e%’ident that the e.xistence 
of a fracture line in the epiphysis itself, 
into or crossing the epiphyseal line, predi- 
cated subsequent growth disturbance. 

In an analysis of some 1200 cases with 
a five-year or longer follow-up on the Frac- 
ture Ser%’ice of the Presb 3 ’terian Hospital 
in New York City, the author and his asso- 
dates have been unable to verify this find- 
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mg or to establish any criterion for prog 
nosis as to later growth disturbance except 
that the proportion of faulty growth or 
growth stoppage cases seems in general to 
increase directly with the size of the bone 
involved and that the disturbance may not 
become evident by x ray comparison or 
careful clinical check for from one to three 
years after injury The percentage of cases 



Fio 523 X ray tracing of low 
supracondylar fracture of humerus 
entering epphyseal line Such a 
fracture may injure ep physeal 
plate for internal condyle and re 
suit m growth disturbance w th a 
reverse carrying angle 

showing disturbance runs from 4 per cent 
clinical and 8 per cent x ra> in the lower 
radial epiphysis to practically 50 per cent 
m the lower femoral epiphysis The assump 
tion is that the growth derangement de 
pends upon the damage done to the differen 
tiating portion of the epiphyseal cartilage 
In the earlier years the correction of the 
deformity occasioned by the displacement 
Itself is fairly rapid over a period of a few 
years if there has been no appreciable dam 
age to this portion of the epiphjseal car 
tilage For that reason it is unwise in 
general to make repeated and forceful at 
tempts to reduce an epiphjseal displace 
ment and operative reduction is extremely 
apt to result m growth disturbance The 


attempt to secure as good a reduction as 
possible with the use of moderate force 
should certainly be made but the use of 
violence or of repeated attempts to make 
the reduction perfect or near perfect is to 
be deplored 

Operative reduction should be reserved 
for those cases tn which practically com 
plete displacement persists despite the use 
of moderate force by closed manipulation 
When operative reduction is done the ut 
most gentleness should be used particularly 
in handling the surrounding soft parts and 
the face of the epiphyseal ends should not 
be traumatized by instruments If the epi 
physis is near the time of closure open 
reduction to secure satisfactory position is 
not contraindicated 

An exception to the general rule m these 
cases IS the upper femoral epiphysis Be 
cause of the special problems involved in 
this region meticulous correction of dis 
placement and even deliberate stoppage of 
growth may be indicated (Chapter 35) 

In every case of epiphvseal separation 
whether or not there has been material dis 
placement the parents should be warned of 
the possibility of subsequent growth dis 
turbance and urged to keep the child under 
observation for the next three years at six 
month intervals so that the disturbance if 
it occurs can be picked up early and an 
appropriate course of action planned 

In low supracondylar humeral fractures 
in the younger children the possibility of 
subsequent growth disturbance with re 
sultant change m the carrying angle must 
be kept in mind The lower end of the bone 
IS largely cartilaginous and the fracture 
line frequently passes through it on one side 
or the other although not visible by x ray 
(Fig 523) This IS m effect a potential 
epiphyseal growth disturbance and should 
be regarded as such 

4 It can be accepted as a general prin 
ciple that postreduction immobilization 
should be as inextensive as possible con 
sistent with adequate fixation of the frac 



ture fragments, and should be continued for 
as short a time as possible. Xo matter what 
the method used, it should be used to can:>' 
out this general principle to the ma.ximum 
degree which the limitations of the method 
will allow. This point is covered below in 
some detail in the discussion of the various 
methods of immobilization. 

In this connection a ^ord might be said 
about the common habit of gauging the 
time necessarj" for immobilization by the 
appearance of callus visible by x-ray. This 
practice frequently leads to unduly pro- 
longed immobilization. In the upper ex- 
tremity the limited or full exercise of active 
motion without weight-lifting or hea\'y 
exertion is often possible before x-ray shows 
any definitive calcified callus, and in the 
lower extremity aciise motion without 
actual weight-bearing is often similarly pos- 
sible, and weight-bearing with brace or 
walking-plaster support permissible and 
advisable. The criteria for judgment In both 
bones of the forearm, the humerus, the 
lemur, and the leg bones for the resumption 
of such partial or restricted activity are 
clinical. They consist of palpable callus 
mass, absence of motion in any plane on 
careful clinical test, and absence of in- 
direct tenderness at the fracture site on 
manipulation of the extremity. 

The author does not intend in any way 
to decr>' the use of x-ray check in the treat- 
ment of fractures. Blind and childlike faith 
in x-ray as the sole criterion, however, 
particularly when the pictures are taken 
through plaster as is frequently the case, is, 
be believes, a mistake resulting in undue 
prolonging of convalescence. It must be re- 
membered that x-ray does not record the 
mere presence of calcium in the tissues. It 
records it only when it has reached a suffi- 
cient concentration to be made visible by 
the x-ray technic employed. Long before 
this time, palpable callus with sufficient cal- 
cification to allow of various degrees of 
function may be demonstrated by the dini- 
cal criteria noted. In the x-ray examination 


of metals for flaws, the material can be 
made to appear flawless by pictures taken 
with inadequate intensity of exposure. In a 
reverse manner pictures made by an in- 
tensity of x-ray sufficient to show bone 
detail will not record the diffuse but lightly 
concentrated calcium content of early callus. 
There may not even be enough calcium 
concentration to record by “soft” x-ray, 
and yet partial function may be safe. One 
has only to examine gross specimens of 
healing fractures in the earlier weeks, to 
feel the gritting sensation in cutting through 
the tissue, and to see the indisputable 
microscopic evidence of actual bone forma- 
tion in the absence of x-ray evidence of 
“callus” to be certain of this fact. 

As a criterion for the resumption of full 
and unrestricted activity the x-ray is a 
much more reliable test, if one keeps in 
mind the fact that visible and external 
callus is not the whole storj’. It certainly 
is common not to see any external callus in 
intracapsular fractures of the femoral neck, 
in carpal navicular fractures, in many ankle 
malleolar fractures, and in many long bone 
fractures which have bad early hairline re- 
ductions with rigid internal fixation. The 
criterion for resumption of full and unre- 
stricted function in these cases is the cloud- 
ing over or disappearance of the fracture 
line and the presence of trabecular struc- 
ture crossing it. 

If the x-ray reveals visible external callus 
at an early stage, so much the better, but 
in that stage the author cannot help but 
believe that the \alue of clinical criteria 
for the determination of union sufficient to 
allow of beginning resumption of function 
is rather generally overlooked and neglected 
to the detriment of the patient. Simple mal- 
leolar fractures without disruption of the 
ligaments of the inferior tibiofibular joint 
or other complicating fractures are fre- 
quently kept immobilized for six, eight or 
more weeks because of insufficient x-ray 
eWdence of bony union. It may be neces- 
sary to prevent full or unprotected weight 
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bearing for that length of time in some of 
these fractures but it is a rare one which 
requires immobilization for such a penod 

S The maintenance during the treatment 
of the bone lesion of as much functional 
activity of the part as is possible within 
the limits imposed by the individual in 
volved the pathologic situation and the 
treatment methods available is an impor 
tant aspect of fracture treatment Progres 
sive increase in this functional activity 
within the limits imposed by the bone 
healing process in the individual location 
IS a corollary The time taken to secun a 
complete return of functional activity is as 
important a consideration m planning treat 
ment as is the end result obtained This is 
particularly and strikingly true in industry 
where it is of economic importance 

During the period of treatment of the 
bone lesion functional activity may be par 
tially substituted for or augmented by the 
use of physical therapy measures After the 
bone has healed physical therapy may be 
used to render progressive functional ac 
tivity easier and less distressing or bother 
some to the patient Under no considera 
tion however must rehabilitation be viewed 
as a pure physical therapy problem The 
question of the role of physical therapy m 
fracture treatment is discussed m detail 
below 

The problem of functional activity should 
be considered primarily from the standpoint 
of muscle tendon nerve and vascular func 
Cion EircepC under unusual conditions 
joints become stiffened by ligaments which 
are rendered thickened and rigid by the 
edema and sclerosis occasioned by minute 
circulatory stagnation and tendons become 
fixed by virtue of the same effects on meso 
tenon and paratenon The essential factor 
involved in the prevention of such arcula 
tory stagnation is coordinated nerve muscle 
physiology This means that joint move 
ment ordinarily owes its greatest value to 
the fact that it represents the exercise of 
that physiology 


This should emphasize the point that 
even with joints completely tmmobtltzed 
very effective functional activity can be 
secured by the systematic use of voluntary 
exercise of the muscles which ordinarily 
activate the immobilized joint The so 
called walking plaster is an excellent ex 
ample of this Stiffness of the ankle joint 
after its use ij the patient walks enough 
IS not common The plaster should be ap 
plied with the idea that the patient has 
to progressively exercise the function of 
walking without moving his ankle joint 
not with the idea that he is capable of 
walking if he so desires 

The rationale is to enforce systematic use 
of the muscles activating the joint and 
thereby to affect the vitally important mi 
nute circulation Many of the critics of the 
walking plaster who have found it ineffec 
tive insofar as preventing ankle joint stiff 
ness is concerned have failed to appreciate 
this basic fact Under such circumstances 
the method represents an applied waste of 
time and of effort 

Moreover the adequate functioning of 
the minute circulation (the tissue spaces 
the lymphatics and the ultimate capil 
lanes) plays a vital role m the successful 
and early formation of adequate healing 
tissue or callus and in its prompt and pro 
gressive calcification All other factors being 
equal the speed and degree of callus forma 
tion and its ossification vary directly with 
the efficiency of the local minute circula 
f«wt Here again piysicaf therapy may be 
of help but can never be a complete substi 
tute for normal voluntary muscle function 
Occupational therapy so called if mtelli 
gently used can be of great value in helping 
re establish normal coordination and timing 
of muscle action 

One of the biggest handicaps which exists 
m the getting back to work of industrial 
cases IS the general lack of interest m, or 
facilities for the providing of light work as 
an intermediary stage between disability 
and full work This situation costs industry 
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millions of dollars every year. The problem 
is largely a psychologic one. 

A number of self-insured organizalions 
realize the value of restoring a man to the 
payroll as soon as he is able to do any work, 
but in many instances he must be able to do 
his full work before he can be re-employed, 
or the problem of finding light work is made 
his responsibility. The light work pays little 
or nothing more than he has been receiving 
as compensation during disability, even if 
he finds it, and it is not too surprising that 
he is not particularly anxious to find it 
under the circumstances. 

The insurance company will pay him 
nhile he is unable to do his work; his em- 
ployer expects full work for full pay if he 
takes him on again. He is injured while 
acting as a rigger or a steel worker, and, 
after si.x months of disability during which 
the hardest work he has done has been to 
push the pedals of a bicycle saw, to work a 
loom, or to do some light carpentering, he is 
notified that he is fully capable of returning 
to his full work as rigger or steel worker. 
Physically this may be true, but psychologi- 
cally it is all wrong. Moreover, it is dan- 
gerous to allow a man at or approaching the 
age of SO to acquire the habit of receiving 
compensation during idleness for any pro- 
longed period of time, particularly if he 
has performed hard or arduous work. It is 
apt to be entirely too pleasant a change 
from an existence of toil, and the fact must 
be recognized that a large percentage of 
individuals at or above the age cited will 
prefer a subsistence income and idleness (o 
a good income and hard work. It is very 
easy for such an individual to persuade him- 
self that he is unable to resume work, par- 
ticularly if the first day results in the 
development of a number of kinks and 
aches and sore spots. 

Some solution of the light-work problem 
would do a great deal to cut down disability 
time in industry. \Vhile the physician is 
properly concerned with the problem it is 
only partially in his hands. 


REDUCTION AND IMMOBILI- 
Z.ATION OF FRACTURES 

There are only three basic means of re- 
ducing fractures, and three basic means of 
maintaining and immobilizing the reduction 
when obtained. Those utilized in reduction 
are (I) manipulation, (2) traction-sus- 
pension, and (3) open reduction. Those 
designed to hold the reduction and to im- 
mobilize the fragments are (1) external 
fixation, (2) traction-suspension, and (3) 
internal fixation. 

The almost innumerable methods de- 
scribed for reducing and fixing fractures 
are merely variations of, or combinations 
of, these basic means For example, the 
various methods of reduction utilizing pins 
in each fragment manipulated by a me- 
chanical apparatus, with maintenance of 
reduction and immobilization by some form 
of external fixation applied to the pins, 
differ basically in no way from the combina- 
tion of manual manipulation for reduction 
and plaster immobilization for fi.xation. The 
former combination, properly applied, is 
frequently mechanically more effective in 
securing better reduction with less trauma 
at the fracture site, mechanically more ef- 
fective in maintaining the reduction and 
immobilization of the fragments, and will 
often allow with safety more functional 
activity of the extremity as a whole than 
will the latter during the period of fracture 
healing. 

The purpose of each method, however, is 
to carry out to the limit of its potentialities 
the principles of treatment as outlined in 
the preceding pages. .Actually it is quite 
obvious that a fluoroscopically perfect re- 
duction can well be secured through the 
great mechanical force exerted by pins and 
a mechanical apparatus in an extremity in 
which the muscles are so infiltrated, short- 
ened, and inelastic that a manual manipula- 
tion would fail. This great mechanical force 
can be e.xerted, moreover, without any great 
outward evidence of violence to the tissues. 
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The setscrews, worms, or turnbuckles ma 
nipulate easily, but the fact that their 
effects on the soft tissues are inexorable 
may be unappreciated or ignored The con 
ditions created m the soft tissues by such 
an unintelligent application of a sound basic 
means of reduction can, and often do, more 
than offset the value of the accurate re 
duction secured The force employed and 
the violence inflicted during an attempted 
manual manipulation m the same case 
would be strikingly evident, and much more 
apt to be fully appreciated 
This does not constitute a criticism of 
mechanical means for fracture reduction, it 
merely emphasizes the point that no matter 
what variant of any of the three basic 
means of reduction is used it must be used 
so as to carry out principles— not in viola 
tion of them The same observation is perti* 
nent to the methods used for immobilization 
of the reduced fracture 
Although a wide variety of seemingly 
strikingly different musical compositions 
may be derived from the same (heme or 
motif by development along different lines, 
the basic theme remains the same In frac- 
ture treatment the theme is the principle 
involved the different methods are merely 
the development of that theme 
In the succeeding pages will be discussed 
the manner in iihich, and the extent to 
which, each of the basic means carries out 
the principles of fracture treatment, the 
combinations and variations of (hem which 
are possible and the general features of (he 
technic employed in each 

Reduction by Manipulation 
This method may be carried out manu 
ally, by the use of mechanical aids such as 
fracture tables of \arious sorts (Albee, 
Hanley, Bell, etc) or one of the vanous 
reduction apparatuses (Haynes, Stader, 
Griswold Roger Anderson), or by a com 
bination of manual and mechanical means 
It is generally agreed today that when a 
reduttion apparatus 15 used tt should be 


applied to complete the rednctton after as 
much correction as possible has been se- 
cured by manual means 

1 The manipulative procedures by ?ny 
of these methods involve the use of traction 
on the distal fragment in the line of the 
proximal one, rotation of the distal frag 
ment into the axis of the proximal one, and 
angulation and direct manipulation of both 
fragments as indicated 

2 It IS to be kept m mind that force may 
be necessary, but that violence is unjustified 
and unnecessary 

3 Traction on the humeral shaft is most 
effective with the elbow flexed and the arm 
at the Side, on the forearm with the elbow 
flexed , on the femur with the hip and knee 
moderately flexed on the bones of the leg 
jvith the knee well flexed, for ankle frac 
lures with the knee flexed to a 9D* angle 
Muscle tension is thus avoided 

4 Rotation of the distal fragment should 
be in general to the midposition in humeral 
fractures, to full supination in upper-third 
forearm fractures, midrotation m middle- 
third forearm fractures, and midposition or 
pronation in lower third forearm fractures, 
full internal rotation in femoral neck frac- 
tures, midposition or slight internal rota 
lion m the intertrochanteric type, and 
external rotation in femoral shaft fractures 
The rotation alignment in fractures of the 
bones of the leg, including those involving 
the ankle, demands that, with the foot at 
about a right angled dorsiflexion with the 
leg, and in slight (weight bearing) inver- 
sion, a line from the anterior superior spine 
through the center of the patella strike the 
base of the second toe 

5 Where length is difficult to obtain by 
traction alone because of loss of tissue elas 
ticity or because of unfavorable obliquity of 
the fracture line the principle of the toggle 
may be employed with advantage It should 
never be used without coincident traction 
(see under Principles of Treatment above, 
rig S2I) 

Some of the fracture tables and reducing 
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apparatuses are illustrated in Figs 524- exerted when reduction by apparatus is 
529 with explanatory captions carried out (particularly when fluoroscopic 

The reduction procedure lining the^e me- control is emplojed), that many of the 
chanical aids, with or without the help of apparatuses are quite complicated, and that 
wires or pins in the iracture fragments manipulation- in one plane often upset what 



Fig. 524 Hawley Scanlon iracture table With patient on peKic rest, lower half of 
table can be dropped \d)u=table arms on upright proMde o\erbead support in any 
position Extension leg and loot pieces can be swung around to head end of table to act 
as arm and hand pieces Portable \-ray unit lor vray or fluoroicope A very flexible 
apparatus, providing for practicalh an> desired manipulation, and relatively simple in 
construction. 


differs in no waj from that used in whollj 
manual reduction except that the proce- 
dures may be made more forceful, the con- 
trol of individual moiements max be more 
exact, the reduction attained max be held 
by the apparatus until the fixation element 
is firmlj’ applied, and both reduction and 
fixation are accomplished with a minimum 
of assisting personnel On the other side of 
the ledger there is the fact that it is diffi- 
cult to estimate the amount of force being 


has been prexiouslx accomplished in an- 
other 

Reduction bx Traction-suspension 
As the term implies, txvo distinct forces 
are used in the attempt to secure reduction 
of the fracture with a minimum of violence 
to the tissues m as short a time as possible. 
It is metaphorically an attempt to “wish” 
the fragments into position Longitudinal 
traction force is designed to secure normal 




o 




Fig 526 \ibe; C'jr’pere table This i- a \er} iletiti'e unit adaptable to alT.O'' ar.j 
situation It 1' hiahK -uitabJe a= an actual operatirs table is subject to lonaitudiral or 
lateral tiUmz' is built t-i accjrmiodate x-rav in an> position ard can meet practicalh 
anv urthopedic or iracture demands It i« perhaps '<jmewbat elaborate but it cannot be 
too highlj recommended. 



Fig 527 Siader apparatus ior leduction and fixation ol fractures 

(A) Spimt and instruments necessary for its application (1) Flexible shaft drill 
(2) adjustable connecting bar assembly (3) pm units (4) universal wrench for locking 
pins into pin bar (5) and (6) wrenches for locking of nuts and activating bar and screws 

(B) To correct displacement loosen adjusting screw F I and screw down F 2 (A) Fin 
unit (B) lurnbuckle 

(C) Stader splint viewed from both sides showing mechan cal application to tibia 
Pins number 1 2 3 4 in order of their insertion into bone (D) Bolt connecting half 
pin unit to adjusting mechanism (F) adjusting screws which control pm bar and frag 
ment in opposite plane (H) turnbuckle (I) lock nut to secure turnbuckle to adju'^ting 
mechanism 



REDUCTION AND IMMOBILIZATION OF FRACTURES 629 


length by stretching the muscles, and to 
crowd the ends of the fragments together 
by the circumferential pressure of the 
stretched muscles. In addition, latitudinal 
traction may be employed to aid in crowd- 
ing the fragment ends together or to correct 
rotary displacements. The suspension ele- 
ment is designed to secure alignment of the 
longitudinal a.\es of the fragments in both 
anteroposterior and lateral planes, correct- 
ing angular deformities. It aligns the distal 
fragment with the proximal one. so that 
the effects of traction are exerted on frag- 
ments whose longitudinal a.xes are parallel. 

The application of the traction force is 
somewhat different in the early case from 
the late case. The early case is one seen 
before the soft parts, more particularly the 
muscles, have become infiltrated and in- 
elastic in their shortened position, and when 
muscle spasm and contraction are the fac- 
tors to be overcome. It is difficult to put 
any definite time limit on this period 
Depending upon the severity of the injury 
in terms of soft-part traunia, on the amount 
of deep hemorrh.'ige, and on the adequacy of 
first-aid handling and splinting it wies 
from 4 to 24 hours after injury. It averages 
probably 8 to J2 hours— but the average 
figure is of little use in evaluating the indi- 
vidual case. Inspection of the extremity and 
palpation of the tissues are the criteria upon 
which one decides whether the case shall be 
judged early or late. If the swelling is not 
extreme, and if the tissues are not brawny 
and indurated, the case is an early one. 


In these cases one applies enough, or 
more than enough, traction to secure normal 
length within the next four to eight hours. 
Overpull is uot to be feared in these cases if 
it is corrected by reduction of the traction 
force before the tissues lose their elasticity 
by reason of infiltrating hemorrhage and 
exudation. 

If overpull is allowed to continue until 
this hardening of the tissues has occurred, 
distraction of the fragments will persist, 
and delayed or nonunion may result. 

It is to be kept in mind that underpull 
is as hard to correct as is distraction, after 
the tissues have lost their elasticity, but 
that both are easily corrected before that 
time. 

X-ray, fluoroscope, or mensuration check 
as to the regaining of normal length should 
be made preferably within four hours, cer- 
tainly not later than eight hours, after the 
application of traction During this time the 
patient should be adequately sedated 

If overpull is present it can be corrected 
by diminishing the traction force. If under- 
pull is apparent the traction force is in- 
creased as indicated. 

If normal length is secured within this 
time, but adequate contact of the bone ends 
is not attained despite adjustment of the 
suspension mechanism or of coincident lati- 
tudinal traction forces, the administration 
of an anesthetic to the patient as be lies in 
traction will often allow of the completion 
of accurate reduction by gentle manipula- 
tion of the fragments. If delayed until the 


(D) Schematic drawings of Stader reduction splint. (A) Stainless-steel pins, (B) pin blocks. 
(C) set-screw locking pins, (D) hinge bolt, (E) nut attaching pin block to hinge bolt, (F) 
mediolateral adjusting screws, <G) anteroposterior adjusting screws, (H) adjustable connecting 
bar, (I) lock nuts locking bar H, (Z) adjustable connecting bar assembly. 

(E) Schematic drawings of femoral splint. (A) Stainless-steel pins, (B) pin blocks, (C) set- 
screw locking pins, (D) hinge bolt, (E) nut attaching pin block to binge bolt, (F) medio- 
lateral adjusting screws, (G) anteroposterior adjustii^ screws, (H) adjustable connecting bar, 
(I) locknuts locking bar H, (Z) adjustable connecting bar assembly. Note upper pins emerging 
through opposite cortex and below lesser trochanter. 

(F) Anteroposterior and lateral x-rays of reduction of tibia with splint applied. 

(G) .Appearance of splint In place after reduction. 

It is a matter of importance that all rotary displacement of the fragments must be reduced 
before application of this splint. No correction of rotation is possible after its application. 
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Fig 528 Haynes apparatus for reduction and fixation of fractures (A) 
Pm units applied and in the reduction apparatus in an unreduced fracture 
(B) Reduced fracture (C) The two pm units joined by the fixation bars 
Frame can now be removed Inset between (B) and (C) shows threaded type 
of pm used with this apparatus It gives relatively rigid fixation Mechanism 
of reducing frame works very easily and is not unduly complicated While 
the author does not use this type of fixation very frequently, preferring open 
reduction and internal fixation where possible, he prefers this apparatus to 
others 
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Fio. S29. Roger Anderson apparatus: (A) represents reduction machine and its appli* 
cation to a femur by means of the pin, bar. and clamp arrangement shown in (B) and 
(C). Two pins are placed in each fragment, at an angle with one another as sho^n in 
(C), and joined by a bar clamped %nth single nut clamps (B) Bars of upper and lower 
units so formed are then clamped respectively in upper and lower arms of apparatus. 
By an ingenious mechanical arrangement the correction of displacements in anteropos- 
terior, side-to-sjde, angular, and rotary directions can be accomplished Positions secured 
in any of these planes can be locked. WTicn full correction is secured the two units are 
lock^ together by one or more bars using a double nut clamp which allows of universal 
joint action in its application, and which can be locked uhen bar is in desired position 
on the two units. Extremity can then be unclamped from machine, locked bar and pm 
units holding position fived (D). Additional rigidity of fixation can be secured b}' using 
pins which emerge from both sides of limb with bar units attached, by additional cross- 
bar units which can be built up readily by reason of the flexibility of arrangement made 
possible by the universal joint action of the double nut clamps joining the bars, or by 
incorporating pins and attached bare in a thin circular plaster nhich leaves joints free. 
This is often desirable. Units are available for all long bone fractures as well as for 
special fractures such as those of jaw, os calds, etc. Reduction machine allows of fluoro- 
scopic control As much gross reduction as is possible should be accomplished manually 
after pin units are placed and before machine is applied, and the latter then used for 
correction of remaining displacements 
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soft tissues have become infiltrated and 
relatively rigid such manipulation may well 
prove unsuccessful and even if successful 
will have to be more forceful to accomplish 
its purpose This combination of the early 
coincident application of two methods of 
reduction will often prove successful when 
either method alone will not 

Reduction in early cases by traction 
suspension should be checked by the hour— 
not b> the day or by the week 

The principle oj reduction before the 
pathologic changes tn the tissues become 
jully established — i e early redvcUon — 
whenever possible is just as sound for 
traction suspension as it ts for closed ma 
mpulatwn operation or any other method 
oj reduction 

If it is felt that a large amount of weight 
will be necessary to secure normal length 
within a few hours as m a fractured femur 
in a husky individual it is vvise not to apply 
the full weight all at once since the sudden 
heavy pull on spastic muscles may cause 
pain and additional spasm It is much more 
effective to apply 10 or 15 pounds jmmedi 
ately and to add increments of 10 [Xiunds 
additional weight everj 20 or 30 minutes 
until the required amount is applied 

The common practices of dela>ing the 
application of traction suspension as a 
means of reduction m early cases until a 
convenient lime and of checking on its 
effects only after 18 24 or 48 hours have 
passed are responsible for many of its re 
puted inadequacies and failures Actually 
howev er these results are to be laid to using 
the method m violation of principles and 
not to the inadequacy of the method 
Properly used it is not an eas> method It is 
the least traumatizing of reduction methods 
and if It IS coincident with moderate eleva 
tion constant low grade heat to the part 
and gentle stroking massage during the 
early hours while reduction is gradually 
being accomplished the progress of the 
pathologic change in the soft parts can be 
matenall) slowed and the dispersal of the 


pathologic products of tissue damage can 
be materially hastened 

The organization of the average hospital 
will not allow of the adequate carrying out 
of all these details Certainly however if 
It IS to be used every attempt should be 
made to carry out the application of the 
principles involved to the full extent of 
the institution s ability If it cannot be used 
to carry out even the basic principles on 
which It rests some other form of treatment 
which can be more adequately carried out 
IS to be preferred 

In the late cases— tho^e seen after the 
tissues have lost their elasticity by reason 
of infiltration by hemorrhage and exudate— 
rapid reduction within a few hours without 
damage to the tissues is not logically pos 
sible if the displacement and loss of length 
are anything more than mild In these cases 
overpull must be carefully guarded against 
since the inelastic tissues will not allow of 
Its correction Moderate traction 8 to IS 
pounds at the most should be applied and 
should be gradually increased up to the 
amount necessary to secure normal length 
as the tissues approach their normal elas 
ticily 

The regaining of normal elasticity is ac 
complished b> dispersion of the accumu 
lated hemorrhage and exudate in the soft 
parts through elevation and the physical 
methods described for the early cases It 
should not be left merely to time and 
chance Its progress should be checked clmi 
cally by frequent inspection and palpation 
of the soft parts 

U hen normal length has been almost re 
gained the aid of discrete manipulation 
under anesthesia in traction suspension 
should be resorted to to complete the re 
duction Dependent upon the amount of 
soft part pathology present this procedure 
may take 24 48 or 72 hours It should 
never take more than three or four dajs 
at the most if it is to be realij effective If 
adequate reduction has not been secured bv 
the combined methods in that time «ome 
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Fic. 530. Technic of insertion of pins and wires. (A) Novocaine bleb Is 
raised. (B) Skin nick. (C) Skin pulled upward while novocaine is in* 
jected do^ra to and into periosteum. Similar injection is made on opposite 
side. (D) With skin pulled upward wire or pin is inserted until point 
presents beneath skin on opposite side. Skin is marked over point and 
pvw is driven tbrougb. (E) Pin in place v.itb upward puU cn skin released. 
(F) Thin cotton collodion dressings applied. (G) Felt pads between 
sides of yoke and dressings to minimize chance of slippirig. 



Pearson leg piece 
suspension 
for knee motion 

Pearson piece 
hmqed at knee ^oint 
axis of motion 

Half ring of splint 
in front 


Fic. S3I. Skeletal traction, utilizing a Thomas splint and Pearson leg piece, 
applied to (1) femur, (2) tibial tubercle, (3) lower tibia, (4) os calcis. If knee- 
joint movement is not desired, Pearson leg piece can be clamped to suspension 
splint at any desired angle (a), or a Braun frame can be used instead of the 
splint and leg piece. Suspension foot piece (b) prevents footdrop. 



634 GENERAL DISCUSSIONS OF FRACTURES AND DISLOCATIONS 


other method mechanically more effective 
should be resorted to without further delay, 
if any such is available or feasible in the 
individual case Delaying the change of 
method for two, three or four weeks, as is 
frequently done, serves no good purpose 
it merely increases the handicaps which an 


traction-suspension is initiated, failure to 
eliat evidence of bony contact between 
fragments bj crepitus during the course of 
application of the apparatus should arouse 
suspicion of tissue interposition, and failure 
to obtain such evidence by discrete and 
gentle examination after a few hours of 




Abduct oo 
Homepus tract on 
SI ng suspens on of 
arm adhesive strap 
suspena on of forearm 


At the s de humerus tract on 
and suspenson n MurrayJones spin 
Torearm suspenson by adhes ve straps 


Both bones of foreann tract on D stal pn 
can be put thru the bases of metacarpals 
2 3 4and5(al OP thru both bones (b) Counter 
tract on can be by sand bag over arm(c) 
OP by p n thru olecranon(d) 



Fic 532 Skeletal traction in upper extremity, as applied for both 
bones of foreann (D), and for humerus {A, B, C) 


alternative method of reduction must over- 
come 

Interposition of tissue between the frag 
ments is a not too uncommon cause of 
failure of reduction by traction suspension 
Its existence is too often recognized only 
by reason of failure to obtain x ray evi 
dence of contact of the fragments after 
several weeks of treatment, or by the uUi 
mate e\idence of nonunion At the tune 


traction should make one consider the possi 
bility very seriously Necessary operation 
within a few days is a far preferable, easier, 
and more successful procedure than is oper- 
ation after a few weeks or, ultimately, for 
a nonunion 

Traction suspension may be used with 
vanations employing traction of several 
types — skin traction, Russell traction, skele- 
tal traction, and fixed traction In general, 
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skeletal traction is more efficient and accu- 
rate mechanically than any of the other 
three forms, but entails more risk of com- 
plications such as infection and pin acci- 
dents. The general technic for the commoner 
variations of the different types of traction- 
suspension are illustrated in Figs. 530-539. 

Open Reduction 

This method must follow the general 
principles involved in all reductions. A lai^e 


store the soft parts to as nearly a nor- 
ma! slate as possible before operation. 
The third and fourth week after frac- 
ture represent the period of maximum 
decalcification in the vicinity of frac- 
ture, and the period during which ade- 
quate fixation is most difficult to attain. 
The decision should be arrived at cer- 
tainly within the first ten days, better 
within the first two or three days, and 
ideally within the first 12 hours after 



Fig 533. Fixation after traction in Thomas splint — Pear- 
son leg piece arrangement, allowing limited mobilization of 
knee joint. Reduction is accompli'^hed by skeletal traction 
as illustrated in Fig. 531, with both sets of pins in place, or 
by manual means, or by a combination of the tv\o, and pins 
are then clamped to bars of Pearson leg piece. Knee joint 
can be fixed or mobilized as desired. 


part of the general reputation which it bears 
as a method leading to delayed and non- 
union and prone to be followed by infection 
is directly attributable to the fact that it 
does not properly carry out principles as 
commonly employed. 

The use of open reduction is indicated in 
accordance with the following criteria: 

1. Operation by Virtue of Necessity, 
a. WTien other methods have failed 
to secure adequate reduction or it is 
obvious or known that they will so 
fail. The important point here is to 
come to this decision early and to re- 


fracture. Very commonly open reduc- 
tion is resorted to only after two, three, 
four, or more weeks of various attempts 
at more conservative management. 
There is little excuse for expecting, in 
this instance, results comparable to 
those which can be obtained when the 
procedure is used within the first few 
hours, or even within the first few days. 

b. There is a group of fractures in 
which operative treatment is generally 
recognized as the only effective method. 
In these, primary operation is indicated 
subject to all the dicta set down here- 
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after (1) Fractures of radial head or 
neck with displacement of fragment 
or fragments in adults (2) Fracture of 
patella with separation of fragments 



Fig 534 Details of skin traction ap 
plication (A) Skin traction straps of 
moteskin adhesive Dotted Utie indicates 
oierlying Ace elastic bandage (B) and 
(C) show details of fastening traction 
straps to wooden spreader with thumb 
lacks (D) Fool piece of adhesive with 
oierlying Ace bandage (F) and (G) 
illustrate method of making traction 
straps Dotted rectangle in (G) reprc 
sents a reinforcing piece of adhesive to 
minimize tearing at edges of strap Note 
that upper end of adhesive strap is not 
covered by bandage so that any lend 
enc> to slip can be easily noted that 
Ace bandage does not extend to crease 
of joint below and that nicks in ad 
hesive help to make it conform readily 
to shape of leg 

(3) Fracture of olecranon with separa 
tion of fragments (4) Fractures of 
anatomic neck of humerus with dis 
location of head fragment (5) Frac 
tures involving joints in which a loose 
fragment lies within a joint (6) Frac 


tures in which the fragment represents 
an avulsion of a muscle or tendon at 
tachment which must be replaced and is 
not amenable to conservative measures 
A fracture of greater tuberosity of 



Fio 535 Latitudinal and torsional 
traction For latitudinal traction a com 
plete nonadherent loop is used well 
padded as shown in (b) Variation m 
direction of pull allows of correction in 
any direction without rotation For tor 
sional traction an adhesive strip is used 
as shown in (d) for its effects on one or 
both fragments (a) and (c) represent 
longitudinal tractions for femur and leg 
respectively 

humerus pulled up under acromion by 
the supraspinatus is a representative of 
the group The lesser trochanter of the 
femur is not as its displacement ap 
patently has little if any functional 
effect (7) Cases with interposition of 
tissue preventing closed reduction 
2 Operation as the method of choice 
even though more conservative methods 
may be capable of securing satisfactory re 
duction To justify operation under these 
circumstances there must be advantages 
warranting the procedure apart from the 
accomplishment of the reduction These 
may be 

a Making possible internal fixation 
which will allow of more certain union 
and/or a lessened mortality risk (eg 
hip fractures and certain compound 




REDUCTION AND niMOBILIZATION OF FRACTURES 637 

fractures), or shorter disability time life of the patient. To insure this requires 
and earlier return to function (e.g., meeting fully and adequately all the de- 
adult long-bone fractures, some ankle mands created by the criteria detailed 
fractures, some joint fractures, etc. See below. If this cannot be done, operation as 
^laintenance of Reduction and Immo- a method of choice is not justifiable. 



Fig. 536. (A) Russell traction. (B) Bryant overhead traction. 

(C) Le Mesurier traction. Leg is supported by pihou's in Russell 
traction. In Le Jlesurier traction patient lies on a Bradford frame 
■which is fixed at an incline to foot of bed. The Thomas is fastened 
to foot rail and traction straps are fastened to the Thomas. Patient's 
body -weight acts as hh traction force on inclined plane of Bradford 
frame. 

bilization by Internal Fixation, below). UTien the operation is done by virtue of 
b. Added ease and increased chance necessity those criteria also should be met 
of success in dealing with coincident insofar as is humanly possible, even though 
soft-part injuries (e g„ nert-e and ten- complete compliance ttith their demands 
don injuries, compounding nounds). be accomplished. 

Open reduction should be performed, in 
In electing operative reduction over effec- the cases in which it is indicated, before the 
tive conser\’ative means, the surgeon as- pathologic process in the tissues has be- 
sumes the responsibility for making sure rome established, if possible. That is usu- 
that the theoretical advantages of the ally within 8 to 12 hours after injury. Every 
former can be translated into actualities hour earlier that it can be done is a distinct 
without increased risk to the limb or the advanta^. There is less bleeding in this 
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early stage the reduction is more easily 
accomplished the risk of infection is less 
and the operative exposure allows the es 
cape and removal of surprisingly large 
amounts of hematoma fluid exudate and 



Fio 537 Tobiuk plaster with irac 
tion This IS essentially designed for 
transportation and has been extensively 
used in military operations It ts how 
ever adaptable to civilian practice Ad 
hesive traction straps are attached to 
leg and a thin nonpadded circular plaster 
IS applied from groin to toes after cor 
rective manipulation and while traction 
is maintained on straps Straps emerge 
at ankle portion of plaster (a and b) A 
Thomas splint is then si pped over the 
extremity and traction straps fastened 
to ioot of %p\iTit to TfiawitatTi trattvon 
(c) Thomas splint and plaster encased 
extremity are then included m several 
circular plaster turns 

de\ italized and dead tissue Once the patho 
logic process following fracture is fully 
established all this material is more or less 
fixed in the tissues which thereby lose Iheir 
elasticity The reduction becomes more dif 
ficult and the bleeding more marked because 
of this loss of tissue elasticity The local 
circulatory stagnation due to infiltration of 
the tissues increases the risk of infection 
and the removal of the infiltrated hemor 
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rhage and exudate constitutes an added 
burden on the local minute circulation The 
rapid removal by the earlier operation of 
the pathologic accumulations before they 
become fixed in the tissues minimizes this 
burden and plays no little part in aiding 
the rapidity and certainty of bone repair 
If the pathologic process is already com 
plete by the time the case is seen or will be 
so by the time for one reason or another it 
can be operated on it is much wiser to 
devote the necessary time to elimination of 
the pathologic accumulations in the tissues 
before operating Adequate immobilization 
moderate elevation constant low degree 
heat in any form massage even the use of 
the positive and negative pressure boot 
where feasible or the use of brachial or 
paravertebral block will have the tissues 
restored to a relatively normal consistency 
within anywhere from one day to one week 
It rarely lakes the latter period Two to four 
days represents the average time needed 
With the tissues again relatively elastic 
and with the local circulatory stasis relieved 
and tissue tension markedly diminished 
the reduction again becomes easier and 
bleeding and the risk of infection less than 
m the intermediate stage Much of the 
pathologic infiltration of the tissues how 
ever remains to be dealt with which could 
have been eliminated had operation m the 
early stage been possible 
The mere application of an immobilizing 
spAml and wmtiTig for a rouliTie sel riumbet 
of days before operation as is a common 
practice is a fallacious and defective inter 
pretation of this principle The time to do 
the delayed operation is as soon as the tis 
sues are restored to a relatively normal 
consistency with relatively normal circula 
tory efticiency by active therapeutic meas 
ures— not after the routine lapse of a set 
number of days of passive waiting 
Operation for one reason or another may 
be vital and necessary in the intermediate 
period If so it should be recognized that 
this IS regrettable and unfortunate 




Fig. 538. Details of traction-suspension apparatus needing frequent check (.\) Suspension 
is preferably by a divided tveight increment, half at upper end and half at lower end (a and b) 
Combined weights should be such that when patient is lifted, as for a bedpan, splint as a whole 
should rise with him without changing its relative position to patient. This is easily tested at 
time of application. Adding to protimal weight (a), or shifting it closer to provimal suspending 
pulley, raises ring from patient’s thigh without materially altering position of distal end of 
splint. Decreasing weight, or shifting it distally from pulley, lowers ring .Adding to distal 
weight (b), or shifting it toward distal su«pen(ling pulley, elevates distal end of splint without 
materially affecting position of ring. Ring placed anteriorly, avoiding buttock area, for nursing 
convenience. Decreasing thb weight, or shifting it pro^imally from distal pulley, lowers distal 
end of splint. Thus total counterbalancing effect, angle of splint to body, and proximity of 
ring to patient’s thigh can be independently controlled. Extremity rests on flannel or light 
canvas strips, individually adjustable so that contour of extremity can be smoothly followed, 
preventing points of pressure and circulator}' interference. Safety pins are used in illustration 
(B) but hea%'>' paper clips, etc , can be used. Several fastenings for each strip allow accurate 
adjustment. A strip of moderately thick padding is laid o\er this flannel bandage bed to further 
guard against point pressure Pearson leg piece can be fastened at any desired angle (C), or 
can be mobilized by a weight through overhead pullej's to within reach of patient's hand (A-d) 
Thigh and leg should be bandaged into splint separately, leaving knee uncovered. Traction 
should be parallel to suspending splint, and down its center <D). Splint and all suspending 
weights should hang free Any knots in cords and all spreaders should be kept from contact 
with pulleys to avoid loss of traction Traction cords should be free from contact with anything 
except pullej's. Impingement against end of splint or elsewhere reduces traction bj' friction 
interference (D). Pearson leg piece should be attached at knee-joint axis (except in supra- 
condylar femur fractures when it should be at fracture site). Periodic checks should be made 
several times daily on : { 1 ) Ring — hand should just be able to pass between all portions of ring 
and thigh, and ring should not press info perineum; (2) suspending bands — should present a 
smooth surface to passing hand, without wrrinkles, tight edges, or ridges, (3) level of leg-piece 
hinge; (4) line of traction in regard to suspending splint; (S) angle of elevation of splint, (6) 
slipping of traction straps (see Fig. 534); (7) free hanging of all weights and of splint 
assembly, (8) impingement of knots or spreaders on pulleys; (9) correct balance when bedpan 
is used; (10) freedom from pressure on bony points by traction straps; (11) absence of fric- 
tion points. Using hands and eyes, these checks take but a few seconds if they are made routine 
as part of all nursing care of patient and are made frequently; (12) position of patient in bed. 
This should be as constant as possible. A marker is put on suspending frame and a trapeze hung 
at patient’s arm level so that he can keep himself properly placed in bed. Knee gatch should 
always be elevated before head is raised to prex'ent slipping down in bed. Elevation of foot of 
bed ser\-es as countertraction. 
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Plaster encasement 2 3 -1 5 

Llbow tbumb and fingers free ^ j 


Upper pm 
throuqh 
olecranon 
Elbow free 
from plaster 



Placement of lower 
pm n forearm fracture 
Plaster leaves thumb 
and all fingers free 



Two pins Jor ftniliOTi of eacf> fragment preferable 


Fig 539 Jlethods of pin and plaster traction fixation (A) Colles fracture Used when 
comminution is so severe that position cannot be maintained by ordinary splinting Both 
elbow and fingers are free Can also be used for forearm fractures Manipulation performed 
vnth pins in place, which are then fixed in plaster (B) Both bones of forearm Upper pin 
or pins through olecranon Lower pin or pins are passed through ulnar side, transversing 
ulna first and then radius, and are placed with lower fragment in pronalion for lower third 
fractures, m midposilion for middle third fractures, and in supination for upper third frac- 
tures Reduction then accomplished and pins incorporated m plaster encasement, leaving 
elbow and wrist free No pronation or supination possible (C) Both bones of leg and ankle 
fractures Pms placed as in (a) or (b) as indicated by location of fracture, reduction com 
pleted, and pins held by plaster Knee free in either instance, ankle free m (a) but not in 
(b) In fractures close to knee joint, pins can be placed in tibia below fracture, and m femur 
above condyles Knee immobilized, but ankle and hip free, plaster extending from supra- 
malleolar region to groin 
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The operative approach should be by the 
longest incision possible, between muscles 
and not through them whenever p<»sible, 
and it should be deepened to bone with as 
little stripping of soft parts as possible. The 
length of the incision does not affect the 
healing. Wounds heal from side to side, not 
from end to end. The long incision does 
allow, however, of adequate e.xposure with 
a minimum of traumatizing retraction and 
additional tissue damage, and adds to the 
ease of reduction and the quality of both 
wound healing and resistance to infection. 

The e.vposure of the fragments should be 
accomplished by splitting and stripping 
periosteum from bone, not by stripping soft 
parts from periosteum. The periosteal cir- 
culation is derived from the surrounding 
soft parts, and not from the bone. There is 
no intrinsic periosteal circulation. W'hen 
soft parts are stripped from it, it remains 
an avascular membrane between soft-part 
circulation and bone until its circulation 
can be re-established. The obviousness of 
this is apparent in compound fractures in 
which it is impossible to cover with soft 
parts the intact periosteum over one or both 
fragments. Within a few days such perios- 
teum sloughs as does an exposed tendon, 
and for the same reason. 

When reduction has been accomplished, 
the periosteum offers vascular coverage for 
the fracture site directly in contact with 
bone if its soft-part connections have been 
preserved. It is quite important, then, that 
the long incision be used to allow of ap- 
proach to the bone with a minimum of soft- 
part retraction and'£.tripping, and that the 
actual bone exposure be made by splitting 
and elevating the periosteum to the required 
extent. 

The exposed fragments and the x-ray 
should be carefully studied so that the 
manipulations necessarj* for reduction may 
be minimized and efficiently accomplished 
with a minimum of violence. Adequate 
armamentarium in the way of bone-holding 


clamps, skids, and elevators is essential, and 
an assistant who can aid by intelligent han- 
dling of the extremity {and whose sole job 
this should be) may be invaluable in help- 
ing to accomplish reduction with a mini- 
mum of violence and a maximum of effi- 
ciencx*. True enough, reduction can be 
accomplished with no special equipment 
and with no assistant aiding by handling the 
extremity during the reduction— but it is 
not apt to be a reduction according to prin- 
ciple. It does not “wish” the fragments into 
place; it bludgeons them into place. It 
secures an “x-ray reduction,” perhaps, but 
the .x-ray does not demonstrate the damage 
done in securing it. 

In operating on a fresh or recent fracture 
we are dealing with damaged and devital- 
ized tissue having a handicapped circulation 
To minimize the risk of infection we must 
do two things— reduce to an absolute low 
the possibilities of carrxdng organisms into 
Ibis devitalized field, and inflict as little 
further damage on already impaired tissues 
as possible. Skin preparation should be de- 
tailed and careful. Rigid e.xcluslon of all 
skin surfaces and edges from the operatix'e 
field by adequate draping is essential. The 
tissues should be gently handled. Hemo- 
stasis should be thorough, the smallest pos- 
sible bemoslats should be used, and as little 
tissue as possible should be included in their 
grip. Fine ligatures, preferably of silk, 
should be used for ties, or the cauterj' cur- 
rent can be employed. The hands, or things 
which have touched the hands, should be 
introduced into the wound as little as pos- 
sible. A rigid “no-touch” Lane technic is 
ideal. It is often impracticable. An approach 
to it is always possible— the nearer the ap- 
proach the better. If the operator will 
imagine that everything used at the opera- 
tion-drapes, gloves, gowns, instruments, 
sutures, and ligatures— are grossly contam- 
inated, and that his dual job is to introduce 
as little of that contamination into the 
wound as possible and to leave the tissues 




Fig ^40 f Topi \ an u> t'v’pe- of bone clamp' for u>e in «ecunng and maintamin;; reduction 
ji iracment- vihile internal fixation i- being applied There are xanous 'izes of each clamp 
4mon:: tho-e hown are the Masmo^on the Bendixen the Lambotle the HeitzBojer the 
lack'on and the L wman ‘•exeral ordinarx bone bolding forcep' are -honTi \ wide \anel> of 
clamp- b- an e'-ential pan ol the operative armamentanum 

Fig '41 iBitlonn \ ariou- elevator- and -kid- of u-e in carrvang out open reduction^ On 
leit are two view 'i the Darrach elevator- Dor-al -urface i- knurled and anterior face is 
-Ushtlv -p^-ired It ha- a medium -harp edse and functions a- either an elevator or a 'kid In 
the middle i the lamihar -awlooth -kid and to its nght i- the Lane -kid the blade of which 
has numer u mall perforation- Bone hook- («harp and duU^ and other tjpes of elevators 
are shown 
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;n the best possible shape to combat that 
uhich he does introduce, a satisfactorj' 
technic will be the result. 

Open reductions done in this fashion so 
as to carrj' out sound principles are not 
dangerous, do not lead to delayed or non- 
union, and inflict less additional damage on 
the part than do many closed and double- 


the instruments nhich are of value in meet- 
ing the \’ariaus mechanical situations en- 
countered in open reductions. 

JIaintenamce of Reductiox and lii- 

MOmtlZATION BV EXTERNAL FIXATION 

This may be accomplished by the appli- 
cation of plaster to the part, or by the in- 



Fic. 542. Plaster for forearm and hand. (.A) Sugar tongs splint. (B) Circular 
plaster for upper third of forearm. Can be used, as shown by dotted lines, as 
molded plaster splints. (C) Splints commonly used for Colics fracture. (D) Wrist 
gauntlet as for carpal navicular fracture. 


pin-traction manipulation procedures. It is 
to be distinctly understood, however, that 
unless open reduction can be carried out as 
here described it should be performed only 
by virtue of necessity and not as a matter 
of choice. Even when done as a matter of 
necessity, the utmost effort should be made 
to approach as nearly as possible the ideal 
procedure. 

Figs. 540 and 541 demonstrate some of 


corporation of pins in or through the bone 
in such plaster or in some form of fixation 
splint. The plasier-and-pin method is illus- 
trated in Fig. 539. The fixation spVmt 
methods are illustrated in Figs. 527, 528, 
and 529. 

W'hen plaster alone is used, it may be 
used as molded plaster splints or as circular 
plaster. It is the author’s practice to use 
closely molded plaster splints lined by can- 
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ton flannel which can be adjusted fre 
quently if necessary by loosening or tight 
ening the bandages until all swelling has 
subsided and then to include them in a 
light circular encasement or to replace 
them by circular plaster If circular plaster 
encasements are used primarily as is the 
practice of many men they may be used 
with or without padding The unpadded 
plaster is becoming more and more popular 
Careful and accurate molding is called for 
in the use of circular plaster to avoid local 
ized pressure points and particularly so 
in the use of unpadded plaster When circu 
lar plaster is applied as the primary method 
of immobilization it is usually considered 
wise to cut the plaster for its whole length 
immediately after it is applied so that it 
can be easily spread if swelling beneath 
renders it dangerously tight 

Following are a few other general pre 
cepts for the use of plaster which arc worth 
noting 

1 All molding of plaster should be done 
before the plaster begins to show the first 
evidence of hardening Molding after this 
time merely breaks up the crystallization 
process and leads to weak plaster tending 
to crack give and soften 

2 Following the application of plaster 
particularly of molded splints position 
should be maintained until the plaster is 
sufficiently hard to take up the job Many 
reductions are lost during or after splinting 
by failure to obser\e this practice Depend 
ing upon the plaster and other conditions 
this may cover a period of from 10 to 30 
minutes 

3 Do not u«e a heat lamp to hasten the 
drying of plaster on an unconscious patient 
Severe burns may result from steam within 
the wet plaster 

4 Make a frequent check on the arcula 
tion after the application of plaster dunng 
the first 24 hours It is a good idea to have 
printed directions on this score to give to 
the patient who is not going to be under ob 
servalion so that he will know what to do 


in the event of untoward developments 

5 Instruct the patient by demonstration 
in the joint movements he is to perform and 
in whatever muscle exercise without joint 
movement he is to carry out m order that 
the method may come as near as possible to 
carrjnng out the principles of treatment 
Give him a definite time schedule 

6 In addition to the x ray check taken 
immediately after reduction and splinting 
have an additional check in 24 or 48 hours 
and again before the end of a week Most 
losses of reduction will be picked up by 
this practice m plenty of time to allow of 
correction without difficulty 

7 If molded splints are used check the 
bandaging daily for the first week Accurate 
adjustment of the splints as swelling di 
minishes will lessen the chance of loss of 
position 

Figs 542 544 illustrate some of the com 
moner forms of molded splints and circular 
plasters 

Maintenance of Reduction and Im 

MOBILIZATION BY TrACTION SUSPENSION 

\Vhen used as a means of maintaining 
reduction and of securing fixation at the 
fracture site traction suspension must be 
modified somewhat from the way in which 
It IS used for reduction purposes 

Only enough weight is used to maintain 
reduction and overpull is carefully guarded 
against by frequent clinical and x ray check 

Molded plaster splints coaptation splints 
or thin plaster encasements are used as 
adjuvants to aid m the insuring of adequate 
fixation at the fracture site 

Unless plaster encasements are used the 
extremity with the splints used as adjuvants 
IS snugly held in the suspension apparatus 
under muslin flannel or woven elastic 
bandages with liberal padding 

Mobilization of joints by any of the 
methods illustrated is kept distinctly within 
discomfort limits and within limits not cal 
culated to disturb the fixation at the frac 
ture site (Fig 531) 



REDUCTION AND IMMOBILIZATION OF FRACTURES 645 



Fio. 543. {Top) (a) Shoulder spica in abduction and external rota- 
tion. B}' dropping forearm to horizontal, abduction and internal 
rotation are secured. Spica comes do^vn well over iliac crest, (b) So- 
called elephant ears splint for immobilizing shoulder or humerus, 
(c) So-called hanging plaster. Greatest weight of plaster is at elbow 
and suspension must be entirely from wrist so that weight of plaster 
acts as a constant traction force on humerus. A ring is set into the 
plaster at wrist to insure this traction. 

FiG. 544. (Bottom) Plaster for ankle and leg. (a) Posterior molded 
and sugar tongs below knee for single malleolar fractures at ankle, 
(b) Posterior molded and sugar tongs abo%'e knee for bi-raalleolar 
or Pott’s fractures or fractures of both bones of leg. (c) Posterior 
molded and Stimson splint for ankle fractures, (d) IValking plaster. 
This must be well molded in to condyles of tibia so that weight is 
borne by tibia! condyles. 



646 GENERAL DISCUSSIONS OF FRACTURES AND DISLOCATIONS 


The various modalities of ph>sical ther 
ap> are used during the healing period to 
the fullest possible extent consistent with 
comfort of the patient and adequate fixa 
tion at the fracture site They are con 
sidered however merely as adjuvants to 
and inadequate substitutes for active use 
of the muscles 

When active function of joints cannot be 
practiced exercises in muscle contractions 
without joint movement are cultivated 

JIaintenance of Reduction and Im 

MOBILIZATION BY INTERNAL FIXATION 

This method of immobilization of the 
fracture fragments follows open reduction 
with the exception of fractures of the upper 
end of the femur where it is often used in 
conjunction with a closed reduction of the 
fracture itself There are numerous meth 
ods of internal fixation The purpose of 
some of them is merelj to hold the reduced 
position with varying degrees of immobi 
lization of the fragments the major role in 
immoWizahon being externaf pbsier With 
other methods traction suspension is used 
as an adjuvant to secure adequate immobi 
lization With some the internal fixation is 
adequate for limited but progressive func 
tion with or without the aid of balanced 
suspension The following general guides 
apply to all methods 

1 As little soft part damage as is pos 
sible should be inflicted during the appli 
cation of mlernal fixation 

2 The fragments should be held as ac 
curately reduced and as firmly approxi 
mated as possible during (he application 
of fixation This may require a variety of 
bone holding clamps illustrated in Figs 
540 and 541 

3 An> necessary stripping of tissue should 
be carried out between bone and periosteum 
and not between periosteum and soft parts 

4 Encircling clamps or fixation matenal 
(wire bands etc ) can frequently be placed 
through narrow encircling channels without 
marked longitudinal stripping 


5 Rigidity of fixation should be evalu 
ated before the wound is closed by means 
of a clamp on each fragment testing out 
rotation and angulation in both planes of 
one bone fragment on the other 

6 The presence of fixation metal di 
rectly beneath the skm is undesirable and 
should be avoided wherever possible 

7 Careful study of the mechanics of the 
situation in each case after exposure and 
reduction will lead to more efficient fixa 
tion than the adoption of a routine pro 
cedure 

8 The simultaneous use of metals of dif 
ferent composition in fixation should be 
avoided as possibly leading to irritation m 
the surrounding tissues with resultant sub 
jective discomfort increased risk of the de 
velopment of infection and possible inter 
ference with the bone healing process 

9 Metal loosely fixed m the bone or 
subjected to concentrated strain or exercis 
ing continuous circular compression of 
bone, IS apt to show absorption of calcium 
safls about or beneath it 

10 The more trauma inflicted on the soft 
parts surrounding metal fixation during its 
application the greater the chance of the 
development of irritative and inflammatory 
reaction about it 

Fixation cin be accomplished by the U'se 
of wire, bands nails, or plates and screws 
The use of catgut kangaroo tendon fascial 
strips silk or cotton as bone sutures for 
fixation has been pretty generally aban 
doned and in general requires justification 
except to meet some unusual situation This 
IS due largely to the fact that metallic fixa 
tion can todaj be accomplished without 
appreciable risk of serious foreign body 
irritation if proper precautions are ob 
served These precautions have to deal with 
the nature of the metal utilized and the 
technic of procedure and will be discussed 
in detail below foe the various methods of 
fixation 

Fixation by Wire This may be used for 
almost any fracture in the form of suture, 
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circumferential banding, transfixion, or in- 
tramedullary insertion. It is particularly 
useful in fractures of the patella, the olec- 
ranon process and the various apophyses, 
and in flat-bone fractures. It is frequently 
used in fractures of the jaws. In the long 
bones it calls for postoperative immobiliza- 
tion by plaster or traction. For suture or 
circumferential banding, cold drawn wire 
of adequate thickness of stainless steel of 
the general composition of 19 chrome 9 


absorption beneath the \%ire, with resulting 
loss of fixation. 

For transfixion or intramedullary use the 
wire has to be stiff and semirigid. Properly 
hardened stainless-steel wire of either of 
the types mentioned (in appropriate thick- 
nesses up to that of a diameter which would 
perhaps be more properly designated as 
steel rod) are indicated. This method has 
been used in metacarpal, metatarsal, and 
phalangeal fractures, in clavicle fractures 



is b C 



Fic. 545. Various methods of using wire for fixation, (a) Simple wire 
suture, (b) Suture plus encirclement nith same piece of wire, (c) Simple 
encirclement, (d) Intermedulhiy wire as used for clavicle. S*ote bent- 
over end to keep wire from migrating, (e) Wire fixation as practiced 
for metacarpals and metatarsals, utilizing adjacent unbroken bone, (f) 
Intermedullarj' wire for fixation of acromioclaxacular joint. Note bent- 
over end of wire at edge of acromion to prevent migration. 


nickel or IS chrome 9 nickel plus molyb- 
denum, or of tantalum may be used. Two 
different compositions should not be used 
in the same patient. The minimizing of 
soft-part trauma during the operation by 
careful adherence to the technic of open 
reduction as described prexiously xvill help 
to prevent the chances of subsequent irri- 
tation in the tissues. The cut ends of twisted 
wire should be flattened out on the bone 
so that they do not protrude into overljdng 
soft parts. It is to be remembered that 
circumferential wiring without fixation 
through drill holes at some point in the 
circumference of the bone is apt to lead to 


and acromioclaricular separations, in fore- 
arm long-bone fractures, in condylar- and 
articular-surface fractures, and for the pin- 
ning on of apophyseal fractures. This type 
of wire in its smaller diameters is com- 
monly referred to as Kirschner wire, and 
much of it sold under that name is entirely 
too soft and fle.xible for this purpose, al- 
though suitable for use with a yoke or 
tautener for skeletal traction. 

Common methods of suture, banding, 
transfixion, and intramedullary use are 
illustrated in Fig. 545, and are referred to 
or described in the discussion of the various 
fractoes elsewhere in this book. The use 
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of wires for transfixion and intramedullary 
fixation followed by plaster or traction 
suspension offers a field for development 

Use of Parham Band This was at one 
time quite a popular method for the fixation 
of spiral and oblique fractures of the long 
bones Its popularity has waned with the 
development of other methods Occasion 
ally It may meet a special demand which 
cannot be met by standard plates and 
screws, nails or wire but such instances 
are exceptional Its theoretical advantages 
over the use of circumferential wiring are 
the broader surface of apposition to the 
bone, and the ingenious device used to 
tighten and fasten the band without the 
necessity for twisting It has, however, no 
point of fixation in the bone, it requires at 
least as much, if not more, stripping of 
tissue for its application as does wire, and 
absorption of bone beneath it, with loss of 
fixation and slipping of the band, is quite 
prone to occur The use of this methc^ is 
not recommended 

Fixation by Nails and Screws Long 
oblique or spiral shaft fractures of the long 
bones condylar and articular surface frac 
tures of the long bones, fractures of the 
apophyses and malleolar fractures repre 
sent the ijpe of lesion most amenable to 
this form of fixation The metals suitable 
for nails and screws are vitallium, either of 
the stainless steels previously cited, and 
possibly tantalum Vitallium would seem 
to produce the least physiologic disturbance 
in the tissues and much has been done in 
refinements of manufacture to eliminate the 
breakage risk inherent m all cast metal 
subjected to continuous strain The stain 
less steels are a little less inert m the tissues 
but are made from cold drawn rod and are 
more calculated to stand fatigue strain 
w ithout breakage Tantalum screws present 
manufacturing difficulties Up to now they 
ha\e been produced only on a small scale, 
but ma> turn out to be satisfactory It 
would seem probable at the present writing 
that It may be possible to successfully 


work vitallium instead of casting it If this 
should prove the case, vitallium would un 
questionably be the ideal metal for all in 
ternal fixation appliances 

The author s preference is for screws or 
nails of 19 and 9 stainless steel, but he 
concedes that 18 and 8 molybdenum stain 
less steel and vitallium are perfectly satis 
factory for this method of fixation, and that 
tantalum probably is The design of the 
screw is of some importance and this and 
the metals involved will be discussed in 
more detail in the consideration of plating 
below Special adaptations of nails, screws 
and bolts have been devised for use m hip 
fractures (the Smith Petersen nail and its 
various modifications , lag screws of Hender 
son and Lorenzo), and for ankle and tibial 
condylar fractures (bolts) These are re 
ferred to, under the fractures involved, else 
where in this book 

It IS the authors feeling that, except 
under exceptional circumstances, the use of 
screws alone in the internal fixation of 
ftaciures o) the shafts of the long bones 
calls for postoperative protection by ex 
ternal fixation through the use of plaster, 
or for protection by postoperative traction 
suspension until adequate bone healing is 
demonstrable In the case of apophyseal 
fractures, condylar and articular surface, 
and malleolar fractures, the degree and 
period of postoperative immobilization 
must be determined on the basis of the 
rigidity of fixation obtained, the distribu 
tion of strain secured, and the amount of 
strain entailed The principles involved are 
developed in some detail in the discussion 
of plating which follows 

Fixation by Plate and Screws The 
application of a plate with screws for fixa 
tion following open reduction of a fracture 
IS a technically difficult and detailed pro 
cedure if properly done We desire to secure 
as completely rigid fixation of the frag 
ments as possible, with as wide and equable 
a distribution of strain upon the phte and 
the individual screws as possible The 
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former makes feasible various degrees of 
active function of the part during the phase 
of bone healing, the latter guards against 
decalcification and absorption of bone 
around the fixation elements (plate and 
screws) as a result of the pressure strains 
which they mutually share and transmit. 
Direct pressure against living bone, if suffi- 
ciently concentrated and continuous, in- 
duces such absorption, and muscle tone, 
gravity, muscular contractions, and weight- 
bearing all produce such direct pressure 
transmission of bone against screw and 
plate and plate and screw against bone. 
This is not a theoretical statement, but Is 
factual. 

With proper regulation of the strain im- 
posed, and adequate distribution of that 
strain, there should not be, and is not, any 
absorption in the bone about the fixation 
elements. If absorption does occur, it indi- 
cates that the fi-xation elements themselves 
are irritating and productive of inflamma- 
tion, that the fi.xation is not a rigid one, that 
the strain being imposed Is excessive either 
because it is not adequately distributed or 
because it is greater than the fixation used 
will allcm-, or that infection is present. One 
other factor tends to further such absorp- 
tion-diffuse local decalcificalion of bone 
secondarj' to impairment of the circulation 
in the soft parts surrounding the fixation 
area due to e.xcessive operative trauma 

At the present xs siting, either of the stain- 
less steels described under fixation by nails 
and screws and vitallium represent the three 
metals for use in plating which have been 
found to be productive of so little physio- 
logic disturbance when properly placed in 
the tissues that they can be felt to offer 
no appreciable threat of damaging inflam- 
matory’ action due to the metal itself. 
Vitallium is rather definitely the least pro- 
ductive of disturbance. There is little upon 
which to base a choice between the stainless 
steels cited on this score. Both show notice- 
ably more tissue reaction than vitallium. 

The steels are cold worked, the vitallium 


is cast. The steels are, for this reason, less 
subject to fatigue strain and fracture. Re- 
finements in the manufacture of vitallium 
plates have cut down, and are continuing to 
further reduce, an earlier tendency to such 
fatigue strain and fracture. The probabili- 
ties are that it is possible to work vitallium. 
If this can be proved feasible, the plates can 
be rolled and the screws die-machined, and 
vitallium will unquestionably occupy the 
position of the ideal metal for this purpose 
At the present time all three metals are 
acceptable. 

The pioneer work in the dexelopment of 
the metal for use In plates and screws was 
done by Sherman of Pittsburgh. The role 
played by electrolytic action of metals in 
the tissues, and between different metals 
simultaneously employed, has been exten- 
sively investigated by Venable of San 
Antonio, who has developed the use of 
vitallium. Carnes of Massillon aided in the 
development of the so-called SMO steel 
(18 chrome and 8 nickel plus molybdenum). 
The Fracture Service ol the Presbyterian 
Hospital in New York City has developed 
the use of the 19 chrome 9 nickel stainless 
steel. 

The Sub-committee on Plates and Screws 
of the Committee on Fractures and Other 
Trauma of the American College of Sur- 
geons has dexoted a great deal of time and 
effort for some years to the problem. Exhaus- 
tive experimental and clinical investigations 
have recently been made by this Commit- 
tee* under the auspices of the National 
Research Council and with the aid of Prof. 
Colin G, Fink in the Engineering Labora- 
tories of Columbia University and of the 
Bureau of Standards. It is hoped that the 
whole matter of the metals used for plates 
and screws, and the methods of their manu- 
facture and sale, can be satisfactorily stand- 
ardized and that means can be found to 
enforce the standards, so that the surgeon 

♦Charles Venable of San Antonio, J. Huber 
Watgner of Pittsburgh, and Qay Raj ilurray of 
New York City. 
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ivho bujs plates and ‘:cre\\s can feel com 
pleteh safe in usin^ them and need concern 
him'elf ^vhollj with the proper Ava\ to u e 
them ^ 0 % one who i going to do an\ con 


The following precepts should guide all 
internal fixation b\ plate and screws 
1 Lee a plate of adequate length and 
strength The length helps di tribute strain 



Fio 346 Material u ed in internal fixation b> plates and screws Top 
center shows special screwdriver which holds screw ngidh fixed and pre 
vents wobbling Tvpical plate and screws are *een («ee Fig 547) In 
upper center are bolt a« emblies and a nut tightener which shps over end 
of bolt Lpper bolt i u ed with a wa her and a nut lower bolt has a 'emi 
circular head and nut and is in erled throuch plates having a semicircular 
counter sinking of the center holes Plate can be molded to shape of the bone 
and erve> to distribute strain on bolt head and nut and 'o to prevent their 
cutting into the bone under sires On right is a Lovejoj double gear drill 
Jilted w!lb 3 Jacobs fhurJl and ion" and short dcriJ pomts BeJoii plate and 
crews are two forms of plate benders Lpper one is of aluminum and will not 
scratch plate \t bottom are hown a depth gauge for screws and a drill gauge 
to make sure that drill is of the right size for various screws ire on depth 
gau^e has a slight hook at its end It can be pushed through drill hole and 
then pulled back until hook catches on far cortex Reading on scale will then 
designate length of screw to be used 


siderable number of internal fixations should 
make himself thoroughlv familiar with the 
details of plates and screws should pur 
cha e them from reliable and trustworthv 
sources and should be able bv inspection to 
evaluate their worth 


^ rough guide as to length is the diameter 
of the bone at the fracture site \ length 
four times the diameter of the bone is de 
sirable A little longer is better than a little 
shorter The thickness should van with the 
heavmess of the bone being plated 
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2. The screws fixing the plate should 
extend through both proximal and distal 
cortices of the bone. This helps in the 
rigidity of fi-xation. 

3. Accuracy of reduction and accurate 
maintenance of reduction without shift dur- 
ing the application of the fixation helps 
insure rigidity. A wide variety of clamps as 
described under Open Reduction is of value 
here. 

4. All screws should be placed at right 
angles to the plate surface. Otherwise, 
shearing strain tends to cause breakage or 
absorption about the screw. 

5. .All screws should be inserted through 
drill holes very slightly smaller in diameter 
than the shank of the screw without its 
threads if in den'^e cortical bone, and still 
slightly smaller if through thin corte.xed 
cancellous bone such as is seen at the e.x- 
panded bone ends and in overly decalcified 
bones. Larger drill holes result in inade- 
quate threads, too small drill holes result 
in shearing strain on the screw which may 
cause it to break during insertion, or to 
develop weakness resulting in late breakage. 
Drill holes should be accurately centered to 
avoid abrasion of the screw threads and 
added strain during insertion. 

6. Screws should be of the standard ma- 
chine U'pe, not of the tapering wood screw 
tj-pe. 

7. Drills and screws should be carefully 
guarded against “wobbling” during inser- 
tion. Special screwdrivers and drills will aid 
in this. “Wobbling” leads to coning of the 
track of the screw with resultant poor 
threads and diminished holding power 
(Fig. 547). 

8. The plate should be bent to conform 
to the shape of the bone surface to which it 
is applied. If the conformation to the bone 
surface is maintained only by the pressure 
of clamps during application, the resiliency 
of the plate will make it tend to spring 
back to its normal shape, and will impose 
additional strain on the screws when the 
clamps are removed. This may lead to 


breakage and to absorption about the 
screws. 

The plate should be bent through an arc 
and not at an angle. This can be done by 
the use of a simple pair of plate-bending 
tools similar to a brace-bending tool (Fig. 
546). This is best made of aluminum to 
avoid deep scratching of the plate. If made 
of hard metal, the jaws should be covered 
by pieces of thin rubber tubing. Heavy 
clamps, with the blades similarly protected, 
may be used if no plate-bending tool is 
available The bending pressure should be 
applie<l between, and not at, the screw holes 
in the plate. 

9. The plate should be placed, whenever 
mechanically possible, on a bone surface 
covered by muscular tissue, and not on one 
covered merely by skin and subcutaneous 
tissue. 

10. Plates having six or more boles for 
screws, three for each fragment, are to be 
used where possible. Those allowing of only 
a single screw in either one of the frag- 
ments can offer no hope of rigidity of fixa- 
tion. Four screw plates, except in meta- 
carpals, metatarsals, and phalanges may 
give rigid fixation, but usually do not allow 
of adequate distribution of strain. 

H. Screws should be snugly set, but 
should not be forced beyond this point. If 
the setting of the screw is forced inordi- 
nately, undue strain is created which may 
later lead to breakage. 

12. Cross fixation, as described below, by 
one or more screws in a plane at right angles 
to that of the plate screws, adds to the 
rigidity of the fixation by controlling tor- 
sional movement of the fragments, and at 
the same time cuts down the strain on the 
plate screws, minimizing the threat of 
breakage and of absorption about the plates 
and screws. 

The general procedure can be described 
as follows: 

The reduction having been accomplished 
and held by appropriate clamps, the opti- 
mum site for the application of the plate 



Fig 347 Details of platfo and «crei\s (a) \arious tiTies of plates 
Upper left does not have counter sunk holes Lower horizontal plate has a 
flat surface (b) Details of screw Slot m head must not be too deep Thread 
pitch may safely be anywhere from 22 to 32 to the inch Tap at lower end 
of screw must not be too long and in cross sect on should ha\e right angled 
milled cutting edges as diagrammed (c) Effect of a wobblng drill or 
screw giMng a funnel shaped hole and poor fixation (d) Cro s section of 
counter sinking of «crew holes in plate Must not include more than half the 
thickness of the plate (e) Specimen showing the importance of proper dr 11 
holes and steadiness of «crew and drill dunng insertion On left is shown poor 
threading bj reason of too large a drill hole \ 31 drill was u'ed here instead 
of the standard 34 drill A 32 drill a 33 drill and a 34 drill were u«ed in 
the succeeding three holes The next hole 'hows the effect of allowing drill or 
screw to wobble Poor threads with a hole of varying width Hole on 
extreme right shows effect of too small a drill hole \ 36 drill was u'ed and 
screw sheared off at point marked b> threading If it had not sheared off the 
strain during insertion might have materially weakened it 
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from a mechanical standpoint is decided 
upon, preferably on a surface which will be 
covered by muscular tissue. The plate is 
then bent to conform to bone contours if 
necessarj’, placed in the desired position and 
held firmly in situ by an additional clamp 
or clamps. 

The holes for placing the screws are now 
drilled, each screw being placed and set 
down before the hole for the next one is 
drilled. It is wise to place screw s alternately 
in the two fragments. This helps guard 
against any loss of position during the ap- 
plication. It is helpful to know that a drill 
can be felt to bind just before it emerges 
from a cortex which it has transvcrsetl, and 
that a screw suddenly runs more freely 
under the same circumstances. The “feel” 
of this will help avoid sudden driving of the 
drill point into the tissues on the opposite 
side and will serve to check on the length 
of the screw used. It is wise to have a 
sterilized home-made gauge, consisting of 
a wooden or metal plate with a hole drilled 
through it by the proper drill, to check the 
diameter of the drill before using 

The screws are inserted in the line of the 
drill holes. Steady, firm pressure is used 
while the screw is cutting the threads in the 
proximal cortex. Once that is accomplished, 
the screw runs through these threads with 
little or no resistance, until it meets the 
opposite cortex. Firm pressure is again 
needed to cut threads in the far cortex. As 
soon as the screw has done this, it again 
runs easily. It should protrude through the 
far cortex onl}’ b}' the length of its tap. 
A simple but accurate way of measuring 
the length desired for the screw is to mark 
the drill point by a clip or a clamp at the 
proximal cortex at the moment when it is 
felt first to bind, and then to go through the 
opposite cortex. If, as soon as the bind is 
felt, one drills slowlj-, the drill can be halted 
as soon as it suddenly ceases binding. 

Another simple method is to use a wire 
with a sharp bend at its end, like a crochet 
hook, with a sliding sleeve about the wire. 


The wire is pushed through the drill hole, 
and then pulled back until the crochet hook 
catches on the far cortex. The sleeve is 
then slid down until it is in contact with 
the near corte.x, and is fixed there with a 
set screw ; the wire is withdrawn, giving the 
e.xact length desired. 

All screws are so applied before any of 
the fixation clamps are removed. It is occa- 
sionally necessary to shift one of the clamps 
holding the plate in order to get at the holes 
in the plate. Before the clamp is shifted, 
another one is applied, which will take its 
place when it is removed. 

The clamps holding the plate are then re- 
moved, the ones holding the fracture are 
held in situ A hole is then drilled on a plane 
at a right angle to the plane of the screws 
holding the plate, so as to go from one frag- 
ment, across the fracture line, and out 
through the other fragment. If the fracture 
line is oblique or spiral, this hole can be 
driven straight across the fracture line. If 
the fracture line is transverse, the drill hole 
has to be m.ade obliquely across the fracture 
line from one fragment to the other, and 
counter-sinking for the screw head is indi- 
cated to avoid shearing strain. A screw’ is 
then inserted through this drill hole. This 
screw serves to take up torsional strain and 
eliminate torsional mobility at the fracture 
site, and to take this strain from the plate 
and its screws, thus distributing the strain. 
A second similar screw can be applied if 
necessary'. 

It should be here emphasized that the 
placing of this transfixion has proved, in our 
e.xperience, to be a vital factor in securing 
rigidity of fixation and distribution of 
strain. With its use, the difficulties due to 
loosening of screws, breakage of materials, 
and reaction to the fixation metal have been 
reduced to a minimum, and visible absorp- 
tion at the fracture site has been eliminated 
in clean cases. In our e.xperience late ab- 
sorption at the fracture site with a visible 
gap— so-called distraction— in the vast ma- 
jority of cases results from only two causes: 
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(1) infection or (2) movement of the frag 
ments at the fracture site The latter is 
frequently present when a plate alone is 
used and may result m absorption The 


The clamps are now removed and the 
fracture is tested for rigidity of fixation 
If an additional transfixion screw is needed 
it IS applied 



Fio S48 Common errors m plating technic 

(r<j^) Short plate — increased strain on individual screws tending to produce absorp 
tion about them One cortex screws — added strain and a single htte of fixation not 
extending through even a single plane No two plane or cross fixation Such fixation 
makes external immobilization of extremity mandatory resulting m prolongation of 
time required for bony healing and for functional rehabilitation Excessive strain on 
individual screws leads to bone absorption about them 

{Center) Intermediate fragment Plate too short — excessive leverage with strain on 
screws Intermediate fragment not separately fastened Increased strain on screws Makes 
more difficult the accurate apposition of fragments and maintain ng of pos tion during 
drilling and insertion of screws One plane fixation — screws through both cortices accom 
plish plane fixation instead of linear fixation as by one cortex screws but must stand 
strain of torsion and shear in other planes External immobilization mandatory Risk of 
absorption about screws because of torsion and shear 

{Bottom) Adequate plate length between four and five times diameter of bone Ade 
quate screw length gripping both cortices m all but screw A where tap only is in far 
cortex Screw B is too long and may irritate moving muscle or tendon Improper screw 
direction except for screws B and C which are at right angles to plate all screws 
are subjected to shearing No cross fixation at head end In addition screw abrades 
edge of screw hole and strips its own threads as it is forced in obliquely against edge 
of hole in plate External immobilization mandatory Risk of absorption about screws 
Risk of breakage of screws 


cross fixation is our guarantee against this The soft parts, with the attached and vas 
It IS a most valuable and m our opinion, cular periosteum, are then placed back over 
necessary feature of the fixation the bone and the fracture site, and are 
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sutured with multiple, interrupted, fine silk, described. The fracture is then accurately 
The towcU ate then removed from the skin reduced, and the remaining portion of the 
edges. Fresh towels are placed about the plate can be used to maintain reduction 



Fic. 349. Correct plating technic. 

(Top) Plate adequate in length and molded to contour of bone. Screws adequate in 
number, grip both cortices, do not project unduly, and are at right angles to surface 
of plate. Cross-fixation by one or two screws in a plane more or less at right angles to 
plate screws. This takes up part of torsion and shear strain on plate screws, and 
minimizes risk of absorption about them. Such fixation will stand strain of postoperative 
functional actWty in balanced suspension without other external support limiting joint 
activity. The result of such activity is more certain and more rapid bone healing, less 
residual soft-part pathologj-, and more rapid return of joint and muscle function. 

(Bottom) Intermediate fragment. (I) First step is reconstruction with one or more 
screws into tw'o fragments. This makes problem the ordinar>' one of fixing two frag- 
ments. (2) Rest of procedure is proper plating and cross-fixation of these two fragments 
using adequate length plate fixed by screws gripping both cortices and at right angles 
to surface of the plate, and screw A for cross-fixation. This method allows of more 
accurate reposition of fragments, less chance of slipping during fixation, and adequate 
distribution of bending, torsion, and shear strain. This minimizes chance of abso'ption 
about screws and allows of postoperati\"e mobilization. 


wound, and the skin is closed with inter- 
rupted fine silk or dermal sutures. 

MTien difficulty is encountered in holding 
the fracture reduced— principallj’ in trans- 
verse fractures — the position for the plate 
may be determined, and it may be fastened 
to one fragment by the technic previously 


through clamps fixing it to the other frag- 
ment while the remaining screws are ap- 
plied. The cross fixation is then inserted. 

When a loose fragment is present, it 
should be accurately reduced to one or the 
other of the main fragments and fastened 
by screws to assemble the bone into two 


656 GENERAL DISCUSSIONS OF FRACTURES AND DISLOCATION 


fragments These are then plated by the 
technic described and the intermediate 
fragment is then transfixed to the other 
mam fragment 

For proper and improper application of 
plates and screws see Figs 548 and 549 
Throughout this procedure the technic 
previously described for open reduction 
should be carefully maintained 
A great many minute details are here pre 



Fic 550 Postoperative immobiliza 
tion after rigid internal fixation Sot 
fracture of leg A posterior molded plas 
ter splint is applied up to knee Pearson 
leg p ece is fastened at a fixed angle to 
Thomas splint by clamp and turnbuckle 
arrangement Leg is bandaged into splint 
and i earson leg p ece Thigh is band 
aged into Thomas splint Posterior 
molded splint can later be removed and 
Pearson leg p ece mobilized by over 
head suspension and with leg bandaged 
into Pearson leg piece and thigh band 
aged into Thomas splint mobilization 
of knee and ankle can be practiced 

sented It is a mistal e to assume that any 
of them IS unimportant and unnecessary 
and not to be bothered with If the pro 
cedure appears too complicated or too 
difficult by reason of the many details to 
be observed then it is best not done Sub 
total gastric resection and abdominoperineal 
resection of the hrge bouel depend no more 
on detailed and precise technic for their 
uccess than does the open reduction and 
latmg of a recent fracture 
Following closure of the wound the de 


gree of postoperative external immobihza 
tion needed must be decided upon In a 
cases it IS at least advisable to apply molde 
plaster splints until the patient is well ou 
of the anesthetic and is quiet and restec 
Depending upon the rigidity of fixatio 
obtained at operation upon the distribute 
of strain on the fixation obtained and upo 
the nature of the bone involved (dense an 
thick cortical decalcified and relatively sof 
cortical thin cortical cancellous etc ) afte 
48 hours the decision must be made as ti 
whether circular plaster molded plaste 
splints or suspension with or without trac 
tion IS indicated The ideal is balanced sus 
pension with mobilization of all joint 
within pam and strain limits One shouJc 
approach this within the limits of safety 
What those limits are has to be based or 
individual judgment in each case aftei 
operation based on the factors cited above 

It js a mistake to assume that move 
ment of the part within the limits de 
scribed is detrimental to wound healing 
This should be obvious if one remembers 
that the abdominal surgeon deals with 
wounds which are in the constantly moving 
abdominal wall Coughing sneezing or 
vomiting are a threat to his wound healing 
Breathing is not If the movements of the 
part are kept short of pam muscle spasm 
and strain the muscle action induced is 
beneficial to the minute circulatory dram 
age of the part and should help healing 
rather than hinder it as long as the wound 
IS clean Once a wound is infected of course 
the situation is entirely different and abso 
lute rest is indicated 

Balanced suspension for postoperative 
mobilization after internal fixation is iHus 
trated in Fig 550 

To allow of It with profit and safety, the 
organization must be such that the appa 
ratus can be inspected and checked (Fig 
538) at frequent intervals during the day 
and that short periods of the prescribed 
mobilization exercises can be enforced at 
frequent intervals under adequate super 
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vision. Without the regime there is no profit 
and without the checking and supervision 
there is no safety. 

EMERGENCY .AND FIRST-AID 
TRE.ATMENT 

The proper emergencj* or first-aid treat- 
ment in fracture cases is a matter of con- 
siderable importance. It does much to 
minimize the amount of damage to impor- 
tant soft-part structures during the time lag 
between injury* and definitive treatment, it 


is twofold; (1) Prevention or minimizing of 
shock, and (2) fixation of the fragments 
with the maintenance of as nearly normal 
length of the bone as possible until defini- 
tive treatment can be initiated. 

WTien a complicating compound wound 
is present, a triad of additional problems is 
presented; (1) Prevention of further wound 
contamination, (2) prevention of wider dis- 
semination of contamination already pres- 
ent, and (3) control of hemorrhage. 

Hemorrhage is best controlled by a pres- 



Fig. 551. Demonstrates simple equipment needed 
for adequate emergenc>' traction splinting and ordinary’ 
splinting. Full-ring caliper can be replaced by a Keller- 
Blake hall-ring splint. Hinged Murray-Jones arm 
splint, cotton for padding, bandage, tongue depressors 
and safety pins, a traction hitch and some padded bass- 
wood splints of various lengths are indicated. 


very' defmitely lessens pain, and it di- 
minishes the degree of shock by that means 
and by cutting donn the amount of fluid, 
protein and blood loss into the tissues occa- 
sioned b}’ the damaging and irritating 
movement of inadequately immobilized 
fracture fragments. It engenders greater 
ease and accuracy' in the actual reduction 
of the fracture; it definitely’ aids in the 
promotion of conditions favorable for the 
healing of the bone lesion. 

In compound fractures it plays an essen- 
tial part in the minimizing of the dual risks 
of infection and delayed and nonunion. 

The problem presented in the emergenqr 
handling of a simple fracture of a long bone 


sure pad rather than by tourniquet. The 
latter should nei'er be used unless the 
former has failed. A pressure pad over a 
bleeding point controls hemorrhage but 
allows collateral circulation in the extrem- 
ity. A tourniquet results in anoxemia of the 
whole extremity. 

Prompt and adequate immobilization 
minimizes pain, tissue damage, and shock, 
and helps prevent dissemination of con- 
tamination. 

Protection of the wound by sterile dress- 
ing prevents further wound contamination. 
[For the role of chemotherapy see elsewhere 
in this chapter.] 

The addition of traction to the immobili- 
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zation maintains the length of the bones 
and overcomes spasm and maintains muscle 
length during the wait for definitive treat 
ment 

It IS not amiss to make an earnest plea 
that every doctor carry with him in his car 
and keep m his office the upper and lower 
extremity traction splints and prepared and 
padded board splints of various sizes There 
is no expense involved — the splints ate 
cheap and practically indestructible The 
apparatus is not cumbersome The apphca 
tion of the traction splints is simjje and 
easy In view of the value of adequate first 
aid splinting there is little excuse for failure 
to provide for it 

Application op Emergency Traction 
Splints 

For Lower Extremity Keller Blake 
Half ring or Thomas Full ring Splint 

1 If not in that position already the 
patient is placed flat on his bad while slow 
steady traction is made on the foot and the 
latter is sfowfy rotated into the neutral 
straight ahead position 

2 While traction is maintained in this 
position a padding of cotton or any other 
material is gently wrapped about the ankle 

i Two strips of bandage or other mate 
rial are then tied about the ankle just snug 
about the padding— not tight One is tied 
with the knot on the inner side and one 
with the knot on the outer side 

4 Manual traction on the foot is released 
after it has been replaced by traction on 
these strips 

5 Keller Blake ^Vhlle traction is 
maintained the splint is slid under the side 
of the leg from the outer side the ring being 
snugged up under the tuberosity of the 
ischium posteriorly 

Thomas The strips are passed through 
the ring ol the splint and while traction is 
maintained on them the ring is pushed up 
along the leg and thigh until it comes to 
rest against the ischial tuberosity 

6 The ends of the strips are passed over 


the distal end of the splint slowly pulled 
taut and tied 

7 A tongue depressor lead pencil or 
siimlar object is passed between the two 
strips and is used as a windlass to twist 
them until under good tension It is then 
fastened to the bars of the splint 

8 Four strips of bandage or other mate 
rial ate then tied snugly about the splint 
and the contained extremity The sides of 
the splint prevent any constriction of the 
limb The strips are placed just above the 
ankle just below the knee just above the 
knee and at the hip 

9 A support is placed beneath the tip of 
the splint From this time on the heel must 
be kept from resting on the ground bed 
stretcher etc If this is done the splint can 
be swung in any direction without disturb 
mg the fracture and without pam to the 
patient (Fig 552) 

These splints can be appl ed over the 
clothing and without removing the shoe 
Clothing can later be removed by simply 
ripping along seams without disturbing the 
splint Wounds can be inspected without 
removing the splint 

During transportation the splint can be 
suspended by its distal end from the roof 
of the car or ambulance 

For Upper Extremity Murray Jones 
Hinged Arm Splint The application is 
exactly similar to that ju^t described for 
the leg The initial traction is on the hand 
With the arm in slight abduction the fore 
arm in midrotation The padding is placed 
about the wrist The strips are tied snugly 
but not tightly on the radial and ulnar 
sides The strips are passed through the 
hinged ring of the splint with the bars m 
the vertical plane while traction is mam 
tamed and the ring pushed up along the 
arm until its upper border is over the top 
of the shoulder and its lower border m the 
axilla which has previously been padded 
"Hie strips are pulled taut and tied about the 
distal end of the «plint and the Spanish 
windla^ traction applied Strips of bandage 
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Fic. 552. Lower extremity cmergencj* traction ap- 
plied. {Top) Anteroposterior view. {Bottom) Lateral 
view. Splint is held oft stretcher by a metal support. A 
pillow or a box under ver>' end of splint would do. 
Heel and leg must not reat on an> thing. End of splint 
can be hung from roof of a car or ambulance. 



Fic. S53. Upper-extremity emergencj' traction ap- 
plied. {Top) View with arm at side. Note that end of 
the splint is supported. It can be suspended from roof 
of a car or ambulance. (5o«om) Shoxcing how arm 
can be brought out for puiprees of x-ray, etc. This is 
made possible by hinging of ring. 
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are tied around the splint and the enclosed 
arm just above the wrist, just below the 
elbow, just abo\e the elbow, and just below 
the axilla The splint is supported by some 
thing placed beneath its distal end or is 
suspended from overhead Because of the 
hinged ring the splint can be swung out to 
the side for purposes of x ray etc Clothing 
can be removed by ripping along seams 
without disturbing the splint, and wounds 
can be inspected without the necessity for 
Its removal (Fig SS3) 

Numerous ingenious improvisations to 
substitute for these ringed splints have been 
devised Ski poles lengths of thin narrow 
board notched at either end rifles etc, have 
been used Fig SS4 shows how a notched 
board can be utilized as a substitute 

Splinting with Ordinary Board 

Splints or Substitutes Therefor 
These splints partially fulfill the demands 
of emergency treatment, if properly applied 
but have definite disadvantages as com 
pared with traction splints The immobili 
zation secured is incomplete unless a risky 
degree of tightness m binding is secured 
No traction can be maintained, and the 
bones and muscles can, and do, shorten 
inside the splints Clothing cannot be re 
moved and wounds cannot he inspected 
without removing the splints 
When used, they should be well padded, 
and of adequate length They should be 
applied while slow steadj traction is being 
maintained, in the hopes of holding some of 
the normal length in the event of over- 
riding and to minimize the pain and dam 
age caused by the moving about of bone 
fragments during their application Proper 
splinting of this t>pe is shown m Fig S55 
In compound fractures the wound should 
be covered by a sterile dressing It is not 
considered advisable to use wound anti 
septics For the use of bacteriostatics see 
Chemotherapy elsewhere m this chapter 
A pressure pad should be added if bleeding 
is bothersome 


The question is perennially raised as to 
whether a bone fragment which is protrud 
mg should be pulled back into the wound 
by the application of traction The con 
sensus is that it should, since the advan- 
tages of adequate immobilization and trac- 
tion far outweigh, ordinarily, the obvious 
disadvantage of pulling the contaminated 
fragment back into the tissues It is essen 
tial, however, that the man who treats the 
case know that the fragment had been 
protruding when the case was first seen 
There are those who simultaneously hold 
that a protruding fragment should not be 
pulled back into the tissues by the applica- 
tion of traction but that if a fracture has 
been compounded from within (by protru 
Sion of a bone end which has spontaneously 
withdrawn) ii represents a relatively harm- 
less form of compounding which needs 
minimal or no debridement It would seem 
far more logical to feel that there is no 
essential difference between compounding 
from within or from without m regard to 
indfcatrons for treatment Tie fatter is the 
viewpoint espoused by the author 

There are, naturally, a few commonsense 
exceptions to the general rule If a protrud- 
ing bone fragment is grossly contaminated 
from a dangerous source it is wiser to forego 
the advantages of traction, and to splint it 
“as is’ If a considerable number of hours 
are to elapse before adequate wound treat- 
ment can be accorded to the patient, it 
might be conceivably wiser not to pull the 
fragment back m by traction 

hlEASUREs IN Addition to Splinting 

In addition to the splinting of the af 
fected part, the use of morphine and seda- 
tives, keeping the patient quiet and undis- 
turbed, the administration of fluids by 
mouth, and protection against chilling are, 
of course, indicated 

In cases of suspected intracranial or 
mtra abdominal injury, morphine should be 
avoided, of course, and codeine or sedatives 
should be used instead 
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Fro. 534. Improvised traciion with notched boards. Traction 
can be secured by increasing pull from ankle or wrist. Padding 
between board and e-^tremity has been omitted in illustration. 



Fig. 555. Extent of splinting when basswood or 
other padded splints are uUd. [Top) Upper extremity. 
Splinting suitable for wrist or forearm. Note that elbow 
is included. If humerus is involved, splinted arm should 
be bandaged to side. {Center and Bottom) These repre- 
sent lower-extremity splinting for foot and leg. If femur 
is involved, outer side splint should extend up to axilla 
and be bandaged to chest wall. 
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Spine Injuries The emergency handling 
and transportation of spine injuries is a 
matter of considerable importance An ap 
preciable part of the neurologic damage 
suffered by these patients is the result of 
lack of wisdom or care during transporta 
tion and handling before the institution of 
definitive treatment The correct manage 
ment of these cases is described m Chap 
ter 26 

TREATMENT OF SHOCK IN 
FRACTURE CASES 

This IS a major problem in the handling 
of many fracture cases particularly in 
severe compound fractures where marked 
blood loss may be an obvious complicating 
factor The fact that the actual blood loss 
into the tissues may be extreme m multiple 
simple fractures or m single fractures with 
marked soft part damage beneath the skin 
IS frequently overlooked It has unfortu 
nately been a dictum m the past that in 
fracture ca«es in severe shock nothing defin 
itive should be done about the fracture 
until the patient is out of shock Except m 
the actually moribund case this is a faulty 
and harmful concept of the problem Defmi 
tive treatment of the fracture in these cases 
should be concomitant with and considered 
a part of the treatment of the shock In 
compound fractures the primarj soft part 
wound IS part of the fracture picture and 
Its adequate treatment is as essential to 
satislactory handling of the shock, problem 
as IS the handling of the bone wound 

The factors involved in the shock of (he 
fracture case are (1) Blood loss— open or 
into the tissue (2) fluid electrolyte and 
protein loss into the damaged tissue (3) 
toxemia due to absorption of autolyzetl 
products of tissue death and tissue bemor 
rhage and (4) a neurogenic factor due to 
pain 

It is important to realize that shock may 
be impending and imminent before the 
clinical picture is present and that severe 
and continuing blood loss may be obscured 


by the clinical picture of shock The classic 
clinical picture of shock and hemorrhage 
will not be discussed here 

It IS also to be remembered that the 
picture of shock does not automatically 
mdicate the treatment indicated for the 
individual case Unquestionably a certain 
number of patients each year are harmed 
by the routine use of saline or saline and 
glucose atone as well as by the use of other 
media without the aid of saline or saline 
and glucose The clinical picture calls for 
the treatment of shock But the onset of 
shock may be anticipated by the use of 
adequate criteria and the exact indications 
for preventing its onset for treating it when 
present and for minimizing the chances of 
secondary and delayed shock can be fur 
nished by (he use of these criteria 
What criteria have we then whereby we 
can determine the imminence of the clinical 
picture of shock adequately prevent its 
appearance or adequately treat it if the 
condition is already present? 

The criteria apart from the clinical pic 
ture are (I) Hematocrit level (cell vol 
umc of venous blood) (2) whole blood 
specific gravity (3) plasma specific grav 
ity and (4) plasma protein level 
These criteria enable one to establish the 
presence and relative amounts of fluid and 
protein loss in the circulating blood to de 
tect the presence of concomitant severe 
hemorrhage with red cell loss to recognize 
the approach oi edema level m the serum 
proteins and to recognize dehydration in 
the presence of anemia This knowledge 
indicates directly what should be done to 
prevent the occurrence of shock and to com 
bat it when it occurs 

1 Hematocrit Determination (1) Use 
a stenle and completely dry syringe After 
getting the needle into the vein remove the 
tourniquet and wait a minute or so before 
withdrawing the blood avoiding air bub 
hies (2) Introduce 5 to 6 cc of blood so 
withdrawn into a Sanford Magath hema 
toent tube containing heparin (One mg 
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of the powdered sodium salt as prepared in 
the Connaught Laboratories of Toronto 
University is adequate.) (3) Invert the tube 
two or three times to mix the blood and the 
anticoagulant. (4) Cork it airtight with a 
rubber stopper and spin in a centrifuge at 
2,500 revolutions per minute for IS minutes. 
(S) At the end of that time the height of 
the total sample divided into the height of 
the centrifuged cell portion of the sample 
will give the volume of the cells in relation 
to the total volume of the sample in per 
cent. This is the hematocrit. The average 
male figure is 46 ; the average female figure 
is41. 

2. Blood Specific Gravity. This is deter- 
mined by the falling-drop method devised 
by Barbour and Hamilton. By me.ans of a 
simple set-up of apparatus the falling time 
of a drop of the patient’s blood (secured by 
a finger prick) between two set marks 
30 cm. apart in a tube containing a standard 
bromobenzene-xs'lene mixture is compared 
with the falling time in the same mixture 
of a drop of standard concentration of 
potassium-sulfate solution of known specific 
gravity. The timing is done with a stop- 
watch. Standard corrections are made for 
temperature. By using a simple calculating 
scale furnished with the apparatus, the ap- 
parent difference in density between the 
standard and the bromobenzene-xjdene mix- 
ture and that between the blood drop and 
the mixture is easily obtained. If the blood 
drop falling time is slower than that of the 
standard, the difference is subtracted from 
the specific gravity of the standard to give 
that of the blood. If the blood drop falls 
the faster of the two, the difference is added 
to the specific gravity of the standard to 
give that o! the blood. The procedure takes 
about two minutes or so, and is quite sim- 
ple. The normal average male value is 
1.0366 and the female 1.0533. 

3. Plasma Specific Gravity. This is de- 
termined for plasma in quite a similar man- 
ner to the preceding, but using a different 
Standard Solution. Plasma completely free 


from protein has a specific gravity of 
1.006S7. Each increase of 0.0(X)1 in the 
specific gravity from this point indicates 
0.03 Gm. per cent increase in plasma pro- 
tein. The average normal figure is 1.0267. 

4. Plasma Protein Content in Grams 
Per Cent. This is easily determined from 
a prep.ired chart of comparative values 
based on the preceding determination. The 
wnlues run from a plasma specific gravity 
of 1.0187 indicating a protein of 4.01 Gm. 
per cent to a specific gravity of I 0348 indi- 
cating a protein of 9 49 Gm. per cent. The 
average normal value is 7 0 Gm. per cent. 

It is ob\ious that, with some relatively 
simple .apparatus and some prepared tables, 
the technic is neither involved nor time- 
consuming 

In simple dehydration in shock uncom- 
plicated by hemorrhage there are found 
comparably increased values for hema- 
tocrit, blood specific gravity, plasma specific 
gravity, and plasma protein. Rational treat- 
ment tnxolves the use of hypertonic saline, 
or saline plus hjpertonic glucose, to relieve 
arteriolar spasm, to decrease the viscosity 
of the blood, and to aid in bringing about 
the return of fluid from the tissues into the 
circulation Eschatin may be used in the 
infusion to aid in restoring capillary tone 
and blood pressure in the event of failure 
of prompt response to the hypertonic solu- 
tion. Transfusions are given as and if indi- 
cated by later studies. 

In shock complicated by hemorrhage, 
obvious or concealed, the values for hema- 
tocrit and blood specific granty fall while 
the values for plasma specific gravity and 
plasma protein remain relatively unchanged. 
The indications are definitely for restora- 
tion of blood volume by transfusions. 

In dehydration in shock complicated by 
inordinate protein loss, as evidenced by 
increased hematocrit and blood specific 
gravity in conjunction with lowered values 
for plasma specific graWty and plasma pro- 
teins (characteristic of burns and frequent 
in severe crushing injuries) plasma is indi- 
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cated in addition to the fluid replacement 
by saline and glucose If plasma proteins 
fall to or below about 5 Gm per cent an 
edema level is reached, at ^hich intravenous 
fluids such as saline when given alone 
merely leak rapidly into the tissues male 
nally worsening the patients genera! and 
local condition 

These changes precede the onset of dini- 
cal symptoms, allowing and indicating the 
treatment necessarj to forestall the occur 
rence of shock, and are an excellent indica- 
tion of response or failure to respond to 
therapy considerably before the clinical 
picture will give such indication 

Definite response to therapy as indicated 
by these criteria allows operation or frac- 
ture reduction to proceed while the therapy 
IS continued e\en though the patient still 
presents the clinical picture of shock The 
reduction and immobilization of the frac 
ture, and the removal of dead and de 
vitalized tissue and collected hemorrhage 
and exudate m compound fractures defi 
mtely eliminate primary factors in the 
etiology of the shock picture, and the pa 
tient leaves the operating or emergency 
room in better shape than he entered it, 
and without having to face the need of sur- 
gery or manipulation at a later and less 
advantageous time with a further risk of 
shock The later reduction is apt to be more 
traumatizing more difficult, and less accu 
rate, and adequate treatment of a com 
pounding wound may have been seriously 
compromi'ed bj the delay occasioned in 
attempting to bring the patient completely 
out of the clinical picture of shock while 
factors involved m the cause of the condi 
tion are still operative 

It is of course, taken for granted that 
the intelligent use of morphine, quiet, pro 
tection against chilling and the adequate 
mouth administration of fluids (when pos 
sible) are used concomitantly with the tber 
apy already described 

WTien blood or plasma are indicated but 
are not immediately available, saline and 


glucose may be used temporarily to provide 
blood volume until the former can be 
secured 

The role of eschatm has already been 
mdicated 

The author feels that the importance of 
this method of handling the shock inci 
dental to injury cannot be too strongly 
emphasized as leading to more successful 
shock therapy and to sounder and better 
treatment of the injury itself 

COMPOUND FRACTURES 

The general principles underlying the 
handling of compound fractures are dis 
cussed in the succeeding chapter It is essen 
iiai that the lesion be regarded as a wound 
involving both bone and soft parts these 
must always be considered together and not 
regarded as separate treatment problems 
The single problem presents itself briefly 
m three phases (1) Prophylaxis against 
the translation from a state of contamina 
tion into that of clinical infection, (2) the 
minimizing of damage caused by any infec- 
tion which may occur, and (3) healing of 
the damaged tissues in as short a time as 
possible with minimal residual disability 
and deformity 

In meeting this problem the following 
factors are of prime importance (1) First 
aid or emergency treatment (2) time lapse 
between first aid and definitive wound treat 
ment, (3) definitive wound treatment in the 
stage of contamination, bone and soft parts, 
(4) definitive wound treatment in the stage 
of infection, bone and soft parts, and (5) 
late reconstruction and rehabilitation pro 
cedures 

1 First Aid or Emergency Treatment 
This first factor is discussed in this chapter 
under the heading First Aid and Emergency 
Treatment, q v 

2 Time Lapse Between First Aid and 
Definitive Wound Treatment This sec 
ond factor is a most important one Alilitary 
experience in the present conflict has served 
to mtensify its importance more and more 
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in relation to prophylaxis against the trans- 
lation from wound contamination to wound 
infection and in relation to the minimizing 
of the damage caused by any infection 
which may develop. Indeed, it is difficult to 
evaluate adequately the relative importance 
of this factor and that of chemotherapy’ in 
its various forms in this respect. The radical 
cutting down in general of this time-lapse 
element, improvement in the provision of 
skilled and trained personnel in ad\*anced 
areas for early definitive treatment, pro- 
vision for early and adequate blood-replace- 
ment facilities, and the use of chemotherapy 
have all been concomitant developments. 
Hasty and too superficial attempts at evalu- 
ation of the relative importance of these 
various factors may be, and have been, not 
only erroneous but also damaging in prac- 
tice. 

It must be generally agreed, the author 
believes, that the lapse between the time of 
occurrence of a compound injury and the 
time of definitive wound treatment, view- 
ing the bone and the soft structures as parts 
of the same wound, is a factor of prime 
importance. The discussion of this factor in 
relation to the use of chemotherapy is con- 
tinued under the heading Chemotherapy 
farther on in this chapter, but it can here 
be stated that every’ effort should be made 
to keep this time lapse at a minimum. This 
is of prime importance again in relation to 
the treatment of shock in compound frac- 
tures. Undue, unnecessary’, and unjustified 
prolongation of this time lapse by the 
method of handling the shock problem is 
common. It is discussed under the beading 
of Treatment of Shock in Fracture Cases 
elsewhere in this chapter, 

3. Definitive Wound Treatment in 
Stage of Contamination, Bone and Soft 
Parts. This third factor is one of extreme 
importance, and emphasizes the futility of 
attempts to lay down rules of thumb to be 
routinely followed. In this connection it is 
essential that one must keep in mind the 
radical and basic differences which exist 


between civil surgery' and military’ surgery. 
In civ.il surgery the doctor’s primary’ and 
sole consideration is the individual under 
treatment. In military surgery’, on the other 
hand, even though every attempt be made 
to do the best possible for the individual, 
what can be done is variously limited by 
the press of time and the number of 
wounded to be cared for, by the phase of 
battle during which treatment is rendered 
(advance— static— retreat), by time lapse 
and transportation difficulties, by’ equip- 
ment and personnel shortages or necessary' 
limitations, and by the enforced use of per- 
sonnel of widely differing capabilities and 
training background. The net result of this 
situation is that it frequently becomes «cc- 
cji(7ry,with individual exceptions, of course, 
to issue directives (rules of thumb) for the 
handling of various situations in the man- 
ner calculated, on the basis of experience, 
to produce the least risk of harmful sequelae 
to the greatest number of wounded. 

Let us illustrate the point by a specific 
example. In general it has become a front- 
line regulation that no compound fracture 
wounds shall have primary closure. No one 
can deny the potential value of primary 
closure if it can be safely done and if the 
patient can be under careful and continuous 
observation during the period of wound 
healing. It decreases the chances of sec- 
ondary infection, minimizes scarring and 
wound-healing time, adds to the chances of 
successful healing of the bone portion of the 
wound, and minimizes in extensive wounds 
continuous fluid and protein loss to the 
patient. 

In civil practice all the various factors 
discussed below under wound treatment can 
and must be evaluated in terms of the indi- 
vidual patient. Some wounds are closed, 
some are partially’ dosed, some are left wide 
open, some are subjected to delayed dosure 
on the basis of this evaluation. In military 
practice all these wounds are left open, and 
only delayed dosure is considered because 
it has been recognized that, under the con- 
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ditions cited, it is impossible to adequately 
evaluate and cover the whole situation in 
the individual case, and that the safest thing 
to do IS to leave all wounds primarily open 

There is no question but that m certain 
hands and under certain conditions many of 
these wounds could be primarily partly or 
completely closed successfully with mate 
rial benefit to the individual patient As 
soon as individual judgment is allowed, 
however, it becomes practically impossible 
to limit the exercise of it to those qualified, 
and to situations justifying it The pro 
cedure is adopted therefore, which is safest 
for the majority, although not necessanly 
best for the individual And it is an excel 
lent viewpoint in consideration of the con 
ditions which exist 

The same is true m regard to the primary 
use of internal fixation m early cases, and 
m regard to the growing antipathy in both 
Army and Navy medical circles to the 
primary use of pin fixation by apparatus 
or even combined w ith plaster These meth 
ods in proper hands in suitable cases and 
under favorable conditions in civil life are 
excellent means of carrying out general 
principles Under military conditions dur 
ing battle they ordinarily entail entirely too 
much risk to be justifiable as primary pro 
cedures As secondary procedures, after the 
case has been removed to a surgical environ 
ment approximating that of civil life, they 
may be logically and intelligently employed 

Definitive Wound Theatment in Stage 

OF CONTATtINATION IN CiVIL PRACTICE The 

stage of contamination is that in which 
the contaminating organisms he at or near 
the surfaces of the wound Invasion of the 
tissues surrounding the wound has been 
minimal and inflammatory reaction is lira 
ited to that secondary to the trauma itself 
Trying to answer the question as to how 
many hours after injury this status may be 
expected to continue before the stage of 
infection supervenes is a good deal like try 
ing to answer the question “How long is a 
piece of string?" 


In avil life the evaluation necessary to 
meet this problem is based on the answers 
to a number of questions How extensive 
and severe is the skin wound and the under 
lymg tissue damaged How gross and of 
what character is the contamination ? What 
has been the emergency and first aid treat 
ment in the interval that has elapsed since 
injury? If the skin wound is small and the 
damage to underlying soft parts slight if 
the patient is cleanly and his clothes are 
clean, if the gross contamination is slight 
or nil and has been sustained from a clean 
roadway or in a clean car mill or factory 
and if adequate emergency splinting of the 
fracture and protection of the wound have 
been m effect since the time of injury, 
treatment based on a contaminated stage 
may be a valid procedure up to 16 or more 
hours after injury If the tissue damage is 
extensive, the patient and bis clothes dirty, 
the contamination grossly visible and sus 
tamed in a barnyard or a dirty tenement 
apartment or shack and if wound protec 
tion and splintage have been faulty and 
inadequate, treatment must be based on the 
assumption of an infected state after six to 
eight hours Between these two extremes 
the status of the wound must be judged 
on the basis of an evaluation of all factors 
for the individual case 
\\ ound treatment of compound fractures 
in the contaminated stage in civil practice 
involves the following steps (1) Prepara 
lion, (2) wound toilet or debridement, (3) 
fracture reduction, (4) closure (5) fracture 
fixation, and (6) prophylaxis against tissue 
tension, against secondary wound contami 
nation or irritation and against the devel 
opment of anaerobic organisms which may 
be present in the wound 
Preparation This is accomplished by 
thoroughly blocking the skin opening with 
sterile gauze, and cleansing the intact skin 
as for a surgical operation Shaving of the 
skin, followed by the generous use of soap 
and water, alcohol, and then ether la a 
thoroughly adequate routine When the skin 
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is grossly dirtied by grease or oil, benzene 
as a preliminary is effective in removing it 
The area prepared should be extensive— 
the whole lower leg for wounds of the leg; 
the whole foot, ankle, and lower half of the 
leg for ankle wounds; the whole thigh for 
thigh nounds: the lower half of the thigh 
and upper half of the leg for knee wounds, 
etc. 

Clean skin is a major safeguard against 
secondary infection during the healing 
period. The cleansing should be done with 
sterile gauze or cotton pads, and not with a 
scrubbing brush. Time and the generous use 
of the various solutions are to be preferred 
to vigorous cnergj’ in scrubbing to effect 
thorough cleansing. The idea is to clean the 
skin without damaging or irritating It. 

^^TJen the skin has been thoroughly 
cleaned, the prepared area may be covered 
by a skin antiseptic if so desired, provided 
It be thoroughly nonirritaling. The author 
does not believe this to be necessary, and, 
if the solution is at all irritating, believes it 
to be harmful in many cases. There are 
many, however, who do not hold this view- 
point, and who prefer the use of skin anti- 
septics. The author is firmly convinced that 
where the skin antiseptics are used, they 
should be used in addition to, and not in 
place of, the thorough mechanical cleansing 
of the skin. If this is the practice, there can 
certainly be no objection to the use of non- 
irritating skin antiseptics. 

The gauze plug is then removed from the 
wound, and the part is grossly draped, 
leaving the wound and a moderately gener- 
ous portion of the surrounding skin e,xposed, 
so that any necessary enlargement of the 
skin opening may be done. 

The author does not believe that scrub- 
bing of the wound or lavage of it at this 
time is sound practice. The wound con- 
tamination should be removed with the 
dead and devitalized tissue which it con- 
taminates as part of the so-called debride- 
ment described below. Scrubbing or lavage 
of the wound from the outside at this stage 


serves to possibly disseminate contamina- 
tion in the wound, and certainly tends to 
reconlaminale the surrounding skin which 
has just been so carefull}’ cleansed. Many 
others advocate wound scrubbing or lavage 
at this point . the writer takes definite ex- 
ception to the practice as illogical and as a 
violation of principle. 

Undue damage to the tissues and further 
dissemination of contamination in the 
wound take place unless the part is care- 
fully handled during this cleansing pro- 
cedure. Steadying traction should be main- 
tained. whether manually or by apparatus, 
and any necessary movements of the limb 
under traction should be gently and care- 
fully carried out with this ides in mind. The 
value of early and adequate emergency 
splinting to prevent tissue damage and 
spread of contamination is often largely lost 
through careless or thoughtless handling of 
the part during this stage of definitive 
treatment. It is the writer’s custom to have 
an assistant maintain moderate traction on 
the limb until wound treatment has been 
completed and reduction of the fracture has 
been attained. 

Dc6rt<fc5KC»U. This term is used with 
full understanding of the fact that It does 
not embrace by strict definition the pro- 
cedures outlined. It is, however, the term 
in popular use to describe the wound toilet 
which modern surgical principles call for. 
It makes little difference, after all, except 
academically, what label is attached to the 
procedure if it is properly carried out. Em- 
phasis should be laid on what to do and 
why, rather than on what to call the pro- 
cedure. The term will therefore be used 
throughout this discussion to include the 
sum total of procedures used in the cleans- 
ing of the compound wound in its early or 
contaminated stage as previously defined. 

The procedure is done with these pur- 
poses in mind; (1) Removal of all gross 
contamination, including contaminating for- 
eign bodies. (2) Removal of all dead and 
devitalized tissue. If left, it serv'es as pabu- 
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lum for the bacteria which sUll remain 
despite the most adequate of wound toilets 
(3) Elimination of dead spaces ( 4 ) Careful 
and thorough hemostasis to prevent subse 
quent hematomata (5) Preservation of all 
viable and uncontaminated tissue ( 6 ) The 
infliction of as little additional damage to 
sound tissue as possible (7) Avoidance of 
additional contamination or further dis 
semination 01 the original contamination 

In order to carry out these purposes the 
procedure should be performed as follows 
The skin having been prepared and the part 
draped the edge of the skin wound is ex 
cised It IS essential that all possible skin 
be preserved Even an obviously avascular 
skm flap if It be untraumatized and free 
from contamination ground into us sub 
stance, may ser\e as a primary skm graft 
for coverage if its subcutaneous tissue is 
removed and a pressure dressing is applied 
The ideal is to excise only one eighth to 
one quarter of an inch of skm circumferen 
tially from the wound 

All removal of tissue during the debride 
ment should be done with a sharp scalpel 
and a thumb forceps Scissors should not be 
used as they are crushing instruments rather 
than cutting ones 

When the skm edge, together with such 
skin as IS badly contused or grossly con 
laminated, has been removed the mstru 
ments should be either discarded for a new 
set, or should be thoroughly cleaned before 
proceeding 

The next step is to enlarge the wound 
preferably in the longitudinal axis, from 
either end so as to completely expose the 
extent of damaged tissue beneath Towels 
should then be clipped to the edges of the 
enlarged wound to exclude skin surface as 
completely as possible 

The subcutaneous tissue is theri debrided 
circumferentially removing all dead and 
devitalized or grossly contaminated tissue, 
including that on any obviously avascular 
skin flaps which are otherwise clean and 
undamaged The scaJpef and thumb forceps 


used are then discarded or thoroughly 
cleansed 

With new or cleansed instruments the 
fascial layer, the muscle planes and finally 
the bone and periosteal planes are succes 
sively subjected to circumferential removal 
of dead obviously devitalized or grossly 
contaminated tissue During the procedure 
all pockets or potential dead spaces are 
eliminated Hemostasis should be as thor 
ough as possible using the smallest clamps 
available and the finest plain gut ligatures 
or the minimal application of the cautery 
current Silk or cotton should not be used 
The tissue should be handled as gently as 
possible throughout the procedure 

Opinions differ as to the wisdom of pn 
mary suture of severed nerves and tendons 
The authors preference is to employ pri 
mary suture with fine gut unless he feels 
that the wound will probably not remain 
dean In the latter event the tendon or 
nerve ends are tacked to the surrounding 
tissues by a single suture of fine gut through 
either edge to keep them closely approxi 
mated until delayed or secondary repair can 
be undertaken Such wounds in which in 
feclion is viewed as probable should not be 
subjected to primary closure in his opinion 

If primary repair of nerves or tendons is 
done, It should be done after lavage of the 
wound as described below 

Thorough exposure and debridement of 
the wound layer by layer having been ac 
complished a soft rubber catheter is intro 
duced into the depths of the wound, and 
through it, from the depths outward lavage 
of the wound is earned out with saline, the 
container being elevated sufficiently to 
make the flow forceful and vigorous This 
technic for the lavage is important If saline 
is merely dribbled into the wound from 
without inward or if the flow is so gentle 
that it lakes in the wound the so called 
lavage may do harm rather than good by 
disseminating contamination from the su 
perfioal areas to the deeper levels If 
properJy earned out tt yyashes contamina 
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lion out from the ^^ound. Metaphorically, 
we wish to avoid a tub bath of the wound 
whereby every part of it is exposed to the 
contamination washed from every other 
part ; what we desire is a shower bath which 
carries the contamination outward away 
from the wound surface. The lavage should 
be thorough, depending upon the size of the 
wound; several liters of fluid may be re- 
quired. In this connection the use of the 
la\-age pan devised by Henry Marble, and 
described in Chapter 37, is very helpful. 

Reduction. Following the lavage, the frac- 
ture should be reduced by either open or 
closed manipulations or both, before the 
question of closure of the soft piarts is con- 
sidered. The reduction of the fracture is, in 
essence, the closure of the bone portion of 
the wound. If internal fixation is to be used, 
it is now applied in accordance with the 
proper technic for such procedure (see 
Maintenance of Reduction and Immobiliza- 
tion by Internal Fhation elsewhere in this 
chapter). A second laN’age of the depths of 
the wound following the reduction (and In- 
ternal fixation, if done) Is wise. 

For discussion of the use of chemotherapy 
in compound fractures see elsewhere in this 
chapter. 

Closure. The question of wound closure 
non comes up for consideration. This is, 
and has been for many years, a moot point. 
A closed wound is a definite advantage in 
that it minimizes the chances of secondarj' 
contamination, it aids the fracture healing 
by providing x’ascular soft parts to cover 
the fracture site, and simplifies the subse- 
quent treatment of the case as a whole. 
A primarx- closure entails the threat of tis- 
sue necrosis and infection if the closure is 
under tension, of increased chance of in- 
fection if it allows the development of ten- 
sion from within by reason of contained 
edema or exudation, or of hematoma devel- 
opment resulting in dead space, or if it 
seals in appreciable amounts of dead tissue 
or contamination. The risk of closure ordi- 
narily increases directly with the time lag 


between injury and wound treatment and 
inversely with the adequacy of the first-aid 
or emergency treatment accorded wound 
and fracture. 

It is considered safe to close a compound 
wound in the contaminated stage (1) if, 
after debridement, there are not left ap- 
preciable amounts of dead and devitalized 
tissue and contamination, (2) if the suture 
is not under appreciable tension, (3) if sub- 
sequent dead space and hematoma forma- 
tion can be prevented, and (4) if excessive 
tension within the tissues themselves caused 
by subsequent edema and inflammatory' ex- 
udate can be prevented. Evaluated from 
this standpoint a wound may be closed, 
partly closed, or left open. 

Under no circumstances should a li'ound 
be closed z-ith the insertion of drainage. 

Deep sutures should not be used. 

Gosure should be limited to skin and 
subcutaneous tissues. 

MTicn such closure seems impossible 
without the risk of tension, releasing inci- 
sions which allow of bone, tendon, and other 
vital structure coverage at the expense of 
exposure of undamaged muscular tissue may 
be used. 

The areas so exposed may be immediately 
or subsequently grafted by the dermatome 
or Thiersch or pinch grafts. 

A primarj'-flap graft may be used in a 
more than usually clean wound. This is of 
particular v’alue in hand wounds to secure - 
coverage of tendons. 

MTien releasing incisions are made, care 
must be taken not to make the skin bridge 
so created too narrow, and the direction of 
the incision must be such as to minimize the 
risk of drculatoiy embarrassment. Incision 
in the long a.xis of the limb is therefore 
preferred, and incision in the transverse 
avk must be practiced with due caution 
and consideration. 

Methods of accomplishing partial or com- 
plete closure without tension in these 
wounds are illustrated in Fig. S56. 

Methods of dealing with the wound left 
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unsutured ^hen closure is deemed dan 
gerous or inadvisable are discussed below 
Following partial or complete closure of 
the soft part wound and reduction of the 
fracture (closure of the bone wound) a pres 




Fig SS6 Jlethods of obtaining closure 
in compound wounds (A) Single re- 
leasing incision (B) double releasing 
incision (C) flap closure 


sure dressing is applied to eliminate the 
risk of dead space hematoma formation 
and the creation of tension within the tis 
sues by edema or inflammatory exudate 
A word about pressure dressings is worth 
while The purpose of their use is clear 
enough but as applied they often either 
do not fulfill their purpose or else go so far 
be>ond it as to do acfual 


Sharply localized pressure is not desired 
Extensive and moderate pressure is called 
for 

Actual compression of the tissues should 
be sufficient only to eliminate dead space 
Otherwise the dressing should serve only to 
prevent distention of the normal tissue 
spaces from within It cannot obliterate by 
excessive pressure the tissue space and the 
lymphatic and ultimate capillary circula 
lion without doing harm 

So called skin tight unpadded circular 
plaster is used by some men for this pur 
pose If properly applied and if accorded 
proper after treatment under adequate ob 
servation it carries out its purpose well 
See the discussion of the use of plaster in 
another part of this chapter for details of 
the method It might be well to emphasize 
the fact that skin tight is an unfortu 
nate and misleading designation Form 
fitting or snugly molded would be better 
terms No plaster encasement or other splint 
should be tight 

Others use cotton wadding gauze fluff 
or mechanics waste compressed by elastic 
bandages of the Ace or other types or gauze 
rolls with or without sea sponge over the 
wound and/or grafted areas covered by 
snugly molded circular plaster The pres 
sure dressing beneath the plaster should be 
extensive For a compound fracture of both 
bones of the leg for example it should 
extend at least from the bases of the toes 
to the knee 

The authors preference is for snugly 
molded plaster splints o\er the pressure 
dressing to be replaced by form fitting cir 
cular plaster without pressure dressing after 
wound healing has been secured and any 
inflammatorj swelling has been largely dis 
sipated 

The patient should be watched carefully 
for (1) General signs of infection (2) local 
symptoms suggesting infection and (3) 
adequacy of circulation in the exposed por 
tion of the extremity— toes and fingers 

In the presence of a pressure dressing 
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extreme elevation of the part should be 
avoided. 

Trcalmcnt of Wounds Not Primarily 
Completely or Partially Closed. When, for 
any of the reasons already adduced, it is 
considered inadvisable to attempt closure, 
and the wound is left open, several courses 
may be followed. 

The wound may be packed open. The 
term is unfortunate. The idea is to loosclv 
fill all the crevices and recesses, and to keep 
the margins of the wound well scparatwl so 
that it is coned from without inward. The 
purpose is to allow the escape of all exu- 
date, edema, and products of tissue auloly- 
sis, to prevent fluid-filled dead space, to 
avoid all intra-tissue tension, and to insure 
healing from the depths toward the surface. 
Packing implies tight filling of the wound, 
which is not desirable since it tends to cork 
the Mound, and so to defeat the purpose of 
the procedure. 

Petrolatum gauze is commonly used for 
this purpose. If it is used, it should be 
petrolatum-/»j^re 5 «a/cd gauze and not 
petrolatum-i/«carc<f gauze. E.xcess petro- 
latum is not an advantage. The skin about 
the wound should not be covered with 
petrolatum gauze, as it then tends to macer- 
ate, and to secondarily contaminate the 
wound. 

In place of petrolatum gauze, xeroform 
gauze may be used, and is preferred by 
many. Xeroform gauze is gauze impreg- 
nated wlh a mi.xture consisting of 95 per 
cent petrolatum plus xeroform (a bismuth 
compound), paraffin, and beesM’ax, 

In place of either of the above, plain 
gauze may be used. It is the author’s }>er- 
sqnal preference. It has been advocated b)' 
Trueta, and has come to be preferred In 
many theaters in World War II. 

Gurd of Montreal employs a form of 
wound filling which he calls curtain drain- 
age, emplo>ing gauze impregnated with a 
paste containing bismuth, iodoform, and 
petrolatum designated as BIPP, the wound 
surfaces being covered by a thin layer of 
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the medicament itself before the gauze- 
impregnated filling is inserted. It has a 
certain amount of antiseptic power, and it 
is claimed that the method minimizes the 
chance of corking effect. It also cuts donm 
the element of unpleasant odor. The bismuth 
and iodoform in susceptible individuals may 
have some toxic effect if the area is large, 
and this must be watched for. The method 
has been used very successfully in Canada 
and in England, but has not been exten- 
sively employed in this country. To carry 
out its purpose the dressing must be un- 
usually careful and detailed. This may be 
one reason nhy it has not been more uni- 
versally used. One of the reasons M’by the 
open-wound treatment of compound frac- 
tures by the “packing” method in general 
frequently fails to adequately carry out its 
purpose is failure to exercise sufficient care 
in the details of the dressing. 

pressure dressing, as previously de- 
scribed, is applied after the insertion of any 
of these wound fillings. If plaster immo- 
bilization is used it is then put on. 

Wound dressing is done at as infrequent 
internals as possible dependent upon the 
general condition and local symptoms of the 
patient, the amount of discharge, the odor 
present, and the condition of the plaster. 

Late skin grafting for granulating areas 
may be indicated. 

Delayed or secondary closure may be 
done, with or without the aid of chemo- 
therapy (see elsewhere in this chapter) 
when indicated in a wound which is clini- 
cally clean and healthy and bacteriologi- 
cally safe. The former is the more weighty 
consideration. All the precautions used in 
primary closure should be observed in de- 
laj-ed or secondary closure. 

As advocated by Sherman and Wagner, 
those wounds left open may be treated by 
the use of hychlorite solution after the well- 
known Carrel technic with or without de- 
layed or secondary closure as indicated. 
The solution used, in preference to Dakin’s 
solution, is used because of its stability, 
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minimizing the risk of excess acidity with 
its possible decalcifying action and wound 
irritation This method requires careful 
dressing technic and frequent dressings 
which may be one reason why it is not more 
extensively used Properly carried out it 
gives excellent results 
A variation of open wound treatment 
which is preferred by the author is the 
primary insertion of through and through 
sutures from within outward (using a sepa 
rate needle on each end of the suture) 
which are left untied The wound is then 
treated by any of the methods cited At the 
end of SIX to ten days (preferably six) if 
inspection reveals a clinically clean non 
edematous wound the wound filling is re 
moved and the sutures are tied to draw the 
wound surfaces as close together as possible 
Without creating tension This often allows 
a partial or complete delayed closure with 
out the need of additional surgery 
4 Primary Treatment of Compound 
Wounds m Infected Stage If it is felt 
that a compound wound when first seen has 
passed the stage of contamination and must 
be considered as already infected debride 
ment as described heretofore should not be 
practiced The skin preparation and draping 
should be carried out as described Follow 
ing this the edge of the skin wound should 
be excised and the wound should be ex 
tended to the limits of the underlying tissue 
damage The fascia should be split to ex 
pose underlying tissue sufficiently to allow 
unroofing of all recesses gross surface con 
tamination and foreign bodies should be 
removed and dead surface tags snipped 
off A lavage of the resultant wound from 
within outward should be done to aid in 
the removal of gross surface contamination 
No primary closure should be considered 
If free and adequate drainage is not se 
cured by this simplified procedure counter 
drainage wounds should be made Wound 
treatment as previously described should 
then be carried out and secondary closure 
or, in some selected and specially favorable 


cases delayed closure may be performed as 
indicated 

USE OF CHEMOTHERAPY 

It IS important that it be fully realized 
that chemotherapy whether systemic or 
local with either the sulfa group of drugs 
or penicillin is not a substitute for sound 
surgical principles and practice Its use does 
not warrant any alteration m the proce 
dures prescribed m the discussion of com 
pound fractures It should be used as an 
adjuvant to the procedures of sound prac 
tice within expectations as outlined below 
The details of a good surgical technic in 
clean cases cannot be relaxed because of 
the concomitant use of chemotherapy in the 
wound 

There has developed a tendency on the 
part of many surgeons to substitute chemo 
therapy for sound principles and good 
technic On the basis of the known careful 
and controlled investigations of the action 
of chemotherapeutic bacteriostatic agents 
of the sulfa group and of penicillin at the 
present writing the following statements 
must be accepted as valid They are not 
based on impressions on cases treated with 
out controls or on results on cases which 
lack an adequate follow up Many of the 
reports from military sources are deficient 
in one or more of these respects The state 
meats here expressed are based on evalua 
tions not open to that objection 

1 There is no valid evidence to show 
that either the systemic or local prophy 
lactic use of chemotherapy cuts down the 
morbidity to local infection in compound 
wounds Local calcium penicillin thiazole 
may be an exception to this statement (see 
chscussion below) 

2 There is valid evidence tending to 
show that the systemic and local use of 
chemotherapy may cut down the incidence 
of sj^temic infection from compound 
wounds and may limit the local extent 
and spread of infection when it does de 
velop 
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3. There is no question but that the sj*s- 
temic use of chemotherapy has a marked 
effect on established systemic infection. 

4. There is no question but that the sj’S- 
temic use of chemotherapy has a definite 
effect on established tissue infection when 
that infection is in a spreading, not waJIed- 
off, stage. 

5. There is no question but that the sys- 
temic use of chemotherapy has a minimal 
effect on established tissue infection once 
the latter has become well localized and 
walled off. 

6. Local chemotherapy frequently has 
definitely beneficial effects in the localized 
and walled-off established tissue infection, 
when coupled with sound surgical care. It is 
not a substitute for such care. 

7. Sulfa-drug therapy is more effective 
against the streptococcus than against the 
staphylococcus. Many strains of staphylo- 
coccus are sulfa resistant. Peniclllm is ap- 
parently equally effective against both 
groups. There are strains of both groups, 
however, which are penicillin resistant. 
Penicillin is ineffective against the gram- 
negative bacilli (colon bacillus [Escherichia 
coU], Bacillus proteus, Bacillus pyocya- 
neus). 

S. There is evidence suggesting that in 
the case of organisms resistant to either 
penicillin or the sulfa drugs the combined 
use of both drugs may be effective. 

9. There is evidence to show that inade- 
quate sj'stemic dosage may result in the 
acquiring of resistance by organisms orig- 
inally sensitive to either drug. 

10. Dead and deWtalized tissue in a 
wound treated by chemotherapy tends to 
prevent the desired bacteriostatic action. 
This seems to be mote marked in the case 
of the sulfa drugs than with penicillin. 
Estravasated blood, hematomata, and col- 
lections of pus and e.xudate have the same 
effect. This may be one of the reasons for 
the apparent ineffectiveness of chemother- 
apy as a prophj’lactic agent against infec- 
tion in compound fractures. 


11. The local use of chemotherapy in 
dean operative wounds as a prophylactic 
against infection seems to have value. This 
may be due at least partially to the absence 
of any large amount of dead and devitalized 
tissue, extravasated blood, or collections of 
exudate in such wounds. 

12. Against the anaerobic gas infections, 
the best results seem to be attained in those 
cases treated early by the combined use of 
adequate amounts of penicillin and serum, 
plus proper surger>- (see Gas-Bacillus In- 
fections, below). 

13. WTien used locally the sulfa drugs do 
not constitute a handicap to wound healing 
unless used in e.\cessive amounts. The 
dumping of large amounts of the powdered 
drug into a wound does constitute a hazard. 
For local effect the drug should be sprinkled 
in a thin layer, as from a saltcellar, insuf- 
flated in a thin layer, or used in combination 
with carbowa.x which becomes fluid or semi- 
fluid at body temperatures. 

14. Chemotherapy is effective against 
acute hematogenous osteomyelitis in the 
acute phase by systemic administration, 
and against acute e.x3cerbations in chronic 
osteomyelitis. There is at present no valid 
evidence to show that it is effective against 
chronic osteomyelitis characterized by lo- 
calization and bone sclerosis. (See also 
Chapter 16.) 

15. In reconstructive procedures directed 
against nonunion and osteomyelitis with or 
without loss of substance, chemotherapy is 
not effective unless dead and infected bone 
is removed by surgical procedure. This and 
the preceding statement are more or less 
corollaries. 

16. The systemic use of chemotherapy 
preceding reconstructive procedures follow- 
ing infected compound fractures, the local 
use at the time of operation, and the sys- 
temic use postoperatively are distinctly of 
value, prodded all other phases of the pro- 
cedure are based on sound surgical princi- 
ples. (See discussion of reconstructive pro- 
cedures below.) 
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17 The fact that the prophylactic use of 
chemotherapy m compound fractures has 
not yet been proved to have any definite 
effect on the morbidity to infection rate in 
a series of such cases is not to be construed 
as a contraindication to such use This state 
ment is true only if the drug is used as an 
adjuvant to sound surgical practice but is 
not true if it is used as a substitute for such 
practice 

For the special status of chemotherapy 
in military surgery see the information con 
tamed m Chapter 44 
There may be man> who will disagree 
with any or all of the foregoing statements 
on the basis of personal experiences and 
impressions or on the basis of an ade 
quately studied but small and uncontrolled 
group of cases The statements nevcrthe 
less are supported by the evidence of large 
numbers of controlled cases adequately fol 
lowed and evaluated and subjected to cnti 
cal review by a responsible group and must 
take precedence over any such individual 
observations 

Use op Sulfa Drugs 
The systemic use of the sulfa drugs may 
have toxic effects Some individuals are ab 
normally sensitive to them Known kidney 
or liver disease constitutes a serious hazard 
in their use The toxic effects are evidenced 
by (1) leukopenia and relative lympho 
cytosis (2) albumin red blood cells and 
drug crystals in the urine and (3) in some 
cases jaundice and liver enlargement The 
blood count and the urine should be chocked 
at least every other day during the period 
of the systemic administration of the drug 
and the drug discontinued if there is evi 
dence of toxic action 
It IS considered desirable to maintain a 
blood level of not less than 10 and not over 
12 or U mg per cent This level should be 
checked every two or three days as a guide 
to dosage 

Reaction to the drug at times takes the 
form of continued high temperature after 


some days of administration despite ade 
quate blood levels This must be kept in 
mind since discontinuance of the drug in 
these cases will result in drop in the tern 
perature 

Gastric distress accompanying mouth ad 
ministration may often be alleviated by 
simultaneous mouth dosage of sodium bi 
carbonate 

Sulfanilamide sul/athiazole or sulfadia 
zine may be used by mouth singly or in 
combination The former is most effective 
against the streptococcus the latter two 
have perhaps some advantages m staphylo 
coccus infection Sulfadiazine is the least 
toxic of the three sulfanilamide the most 
In general today sulfadiazine is the drug 
most commonly used The initial dosage is 
usually 2 Gm followed by 1 Gm every 
four hours day and night until the desired 
blood level is reached and then dropped to 
1 Gm every six hours or less as indicated 
by the blood level maintained 

In severe general infection where it is 
desirable to attain the necessary blood level 
rapidly the initial dose may be 4 or 6 Gm 
or the sodium salt of sulfadiazine may be 
given intravenously 2 4 or 6 Gm m a 
saline infusion and the blood level then 
maintained by the four or six hour dosage 
of I Gm Fluid intake should be adequately 
maintained 

In the local use of the drugs the powder 
or crystals should be sifted or insufflated 
onto all wound surfaces in a thin layer 
under adequate exposure It is unnecessary 
and disadvantageous to use larger amounts 
as there is evidence that excess of the 
powder interferes with w ound healing Any 
of the three drugs named may be used or 
they may be used m combination—sulfaml 
amide and either the thiazole or the diazene 
The latter is more commonly used in the 
combination 

The drugs may be used in carbowax as an 
ointment like preparation which becomes 
fluid at body temperature to invade all 
portions of the wound or the wound may 
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be loosely filled with gauze impregnated 
with this preparation. 

The sodium salts, because of their high 
pH (around 11.0), have so far been con- 
sidered too irritating to use locally. Their 
solubility would be an advantage. 

Experience with the use of micro-crystals 
of the drug is being gained which may show 
advantages for this form. 

Use of Penicillin 

The systemic use of penicillin may be by 
the intravenous or the intramuscular route, 
1{ the former, the proper dosage must he 
given every two hours day and night; if the 
latter, the administration can be at three- 
hourly intervals. This frequency of dosage 
is necessary to maintain adequate blood 
levels, since elimination is rapid. 

The average dosage should be from 
80,000 to 120,000 units per day for a total 
of 1,000,000 or more units. Underdosage 
may lead to acquirement of resistance by a 
certain percentage of the organisms. A solu- 
tion of 1,000 units per cubic centimeter is 
usually used. 

The toxic symptoms from penicillin to 
date have been infrequent and not serious. 
Urticaria, temperature reaction similar to 
that seen with the sulfa drugs, and some 
instances of phlebitis have been noted. 

Sodium penicillin is used for systemic 
administration. 

In the local administration of the drug 
calcium penicillin is used. The solution 
strength is usually 250 units per cubic centi- 
meter. It may be put directly into the 
wound, or used with fine-meshed gauze 
packing, or it may be instilled at intervals 
through a fine tube or tubes in the wound. 
The amount used depends on the size of 
the wound. 

Calcium penicillin Ihiazole locally has 
been extensively used by the British and 
Canadians in World War II and there are 
encouraging reports as to increased effi- 
riency of action, both for prophylaxis 
against wound infection and for treatment 


of established infection. Further experience 
and knowledge are needed on this score. 

The treatment of suppurative arthritis by 
repeated aspiration and the instillation of 
calcium penicillin or calcium penicillin thia- 
zole into the joint has produced some re- 
markable results, and should be thoroughly 
considered. (See comments on this score in 
Chapter 44.) 

The use of chemotherapy in the treat- 
ment of hematogenous osteomyelitis is dis- 
cussed in Chapter 16. The dosages are as 
indicated here, and the use of penicillin is 
subject to the same comments as ate here 
made concerning its use in conditions of 
traumatic origin. 

G.\S-D.\CILLUS INFECH'IOKS 

These, of course, are the bete noif of the 
surgeon dealing with compound fractures. 
Fortunately, the morbidity rate is low and 
is still further diminished, insofar as clini- 
cal development is concerned, by adequate* 
and intelligent primary wound treatment, 
the principles of which have been discussed 
in the section on compound fractures. No 
detailed discussion of the etiology or pa- 
thologj’ and bacteriology of this condition 
is to be presented here. The discussion will 
be limited to the treatment of the various 
t>pe5 of infection w'hich are seen. 

These are three in the group of cases ordi- 
narily known as the gas infections—one is 
a cellulitis involving the tissues immedi- 
ately beneath the skin, the second is char- 
acterized by local abscess formation, and 
the third is an invasive spreading infection 
of the muscle planes. The two former are 
relatively innocuous. They do not make the 
patient particularly ill ; they respond read- 
ily to adequate surgery of incision and 
drainage plus the use of anti-gas serum and 
local chemotheTapy, paTliculaily caltlom 
penicillin. The local use of zinc peroxide 
as a paste filling the wound, and kept moist, 
or in a carbowax mixture, as developed by 
Melen^’, is effective in these cases. It is 
also effective, used with adequate surgery, 
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against the facultative anaerobes acting m 
symbiosis with the staphylococcus and 
against the micro aerophilic streptococci 
These infections are characterized by grad 
ually extending skin slough with under 
mining of the skin edges which presents 
quite a characteristic appearance 

The third group is the severe and dan 
gerous type To be successful treatment 
must be instituted early and pursued inten 
sively The patient with high temperature 
inordinately high pulse rate and soft pulse 
and who is more or less euphoric is the 
suspect He feels well but looks prostrated 
The characteristic sweetish odor to the 
wound the skin discoloration palpable 
crepitus in the tissues and the x ray demon 
stration of gas bubbles are the clinching 
features Muscle necrosis which may be 
rapid and massive and extension along the 
neurovascular channels are characteristic 

Local operative procedure is indicated os 
described below The surgical treatment 
apart from operative measures calls for 
the use of massive doses intravenously 
intramuscularly and locally of anti gas 
serum preferably polyvalent and the sys 
temic and local use of chemotherapy The 
use of the suffa group of drugs has been 
disappointing in this respect although effect 
has been reported The serum alone plus 
local operative measures has frequently 
led to recovery but has often been dis 
appointing There are increasing reports 
suggesting that the use of adequate local 
operative procedures plus the systemic ad 
ministration of sufficient anti gas serum and 
calcium penicillin and the local use of cal 
cium penicillin or calcium peniallin thia 
zole leads to remarkably improved results 
To be effective the treatment must be insti 
tuted early the dosage must be adequate 
and adequate early operative procedures 
must be employed 

The operative procedures indicated are of 
two types If the extent of invoUement is 
such as to allow of it and to make it worth 
while the area should be widely exposed 


all dead and necrotic muscle should be com 
pletely excised (whole muscles or muscle 
groups if necessary) the wound kept wide 
open and local and systemic treatment by 
drug and serum instituted 

If the extent of involvement renders this 
impossible or if a useless extremity would 
be the result amputation well above the 
uppermost level of involvement should be 
done All such amputations should be guil 
lotine in type with no attempt at closure 
The stump should be carefully inspected 
for muscle involvement or for evidence of 
gas m the neurovascular channels as evi 
dence for need of tissue excision or higher 
amputation 

If the amputation cannot be done above 
the involved level it must of course be 
done at the highest possible level through 
infected tissue 

The amputation stump is subjected to the 
local treatment outlined above in addition 
to systemic treatment 

RECONSTRUCTION SURGERY 

The attack on this problem has under 
gone a remarkable revision under the im 
pact resulting from the demands of the 
present war Faced with the probfem of 
saving numerous extremities exhibiting 
marked loss of soft tissue and skm loss of 
bone substance bone necrosis infection 
and vascular damage and m patients show 
mg marked general deficiencies impairing 
their wound healing powers and their abil 
ity to contrf^ inSechon the investigators in 
this field have developed a planned ^p 
proach to the problem The approach 
utilizes the value of sound surgical pnnci 
pies helped by all the adjuvants which have 
been uncovered as aids m the face of the 
local and general situation 
Indeed one is moved to wonder some 
times whether or not the theoretical gams 
made by reason of such planned accom 
plishments are actual and practical ones 
particularly from an economic standpoint 
There is real and honest food for thought 
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in the suggestion that in many instances 
the technical success of the procedures em- 
ployed may be more than outweighed by 
the length of time taken to accomplish the 
result, the expense involved, and the ulti- 
mate practical value of the reconstructed 
extremity. A relatively simple amputation 
at an elective site, \sith a short convales- 
cence and a rapid rehabilitation in a loner 
e.xtremity, may provide a much sounder and 
more practical solution to the problem pre- 
sented than does a prolonged and compli- 
cated series of procedures which can at the 
best produce an imperfect extremity con- 
stituting an inherent permanent hazard in 
any active uninhibited existence. 

The economic import of the time factor 
imolved, the age of the patient, his psy- 
chology in respect to the loss of the ex- 
tremity and the wearing of an artificial 
limb, his normal occupation, h!s adaptabil- 
ity in respect to acquiring new skills and 
to the entering of new fields of endeavor- 
all these are matters of prime importance 
in evaluating the situation. There is not 
much sense in spending months of time and 
effort at a great deal of e.xpeQse for the 
production of a reconstruction which, how- 
ever technically perfect, ser\-es no practical 
purpose. These are the various factors 
which must be analyzed in coming to a 
decision as to whether or not reconstruction 
is sound in many of the more severe injuries 
of the lower extremity. Only after such a 
decision is it worth while to plan such a 
program. 

In the upper extremity, by comparison, 
there is frequently much more justification 
for expenditure of time, effort, and money 
to save every possible remnant of normal 
structure. The fine and skilled movements 
possible here are ill substituted for by 
prostheses, whereas the gross functions of 
weight-bearing and shifting weight-bearing 
in the lower extremitj’ may be adequately 
cared for by this means. Particularly is this 
difference apparent when one considers the 
hand. It is true that much can be accom- 


plished by good prostheses in a particularly 
apt and ambitious patient, notably by the 
use of dneplaslic stumps and appliances, 
but the means of practical accomplishment 
is far below that attainable in the lower 
e.\tremity. One, therefore, is justified in 
spending an amount of time, effort, money, 
and ingenuity in salvaging all that is pos- 
sible In an upper extremity which would 
perhaps be unsound and unjustified in deal- 
ing with a lower extremity. One might al- 
most say that in the presence of an equiv- 
ocal situation it is necessary to justify 
refraining from amputation in a lower 
extremity, and amputation in an upper 
extremity. 

If reconstruction procedures are decided 
upon in any given case, it is well to have as 
a basis for procedure an overall view of the 
problem as a whole in terms of all the pos- 
sible factors which may have to be dealt 
with. If one has such a conception, the 
various factors in the individual case can 
be dealt with as individual problems, if they 
so exist, or as individual parts of the general 
problem in which the timing and nature of 
the Individual procedure must be correlated 
with the other factors involved in the gen- 
eral picture. The bone grafting of a simple 
nonunion in a healthy individual presents 
a problem quite different from the same 
nonunion in a generally debilitated and 
specifically deficient patient who has sus- 
tained sex ere local soft-part injuries even 
though the latter be apparently completely 
healed. The x-ray pictures may be identical, 
but the problem is far from being the same 
in the txvo instances. Success or failure in 
the grafting procedure in the two cases may 
depend upon the recognition of this dif- 
ference. 

In order to insure the optimum chance of 
success in any reconstructive procedure or 
course of procedures, one must take cogni- 
zance of the individual, of the condition of 
the soft parts at the site of the proposed 
operation, of the condition of the bone at 
that site, and of the nature of the proce- 



678 GENERAL DISCUSSIONS OF FRACTURES AND DISLOCATIONS 


dure planned Insofar as bone grafting itself 
IS concerned, it is an essential that the graft 
ultimately be incorporated as an integral 
part of the host bone and that it continue 
to exist as such It may be highly desirable 
that considerable new bone form and per 
sist about the incorporated graft in order 
to meet functional demands Length and 
alignment adequate to meet functional 
needs must be preser\ ed during the period 
preceding grafting or restored at the time 
of grafting The incorporation of the graft 
in the host bone and the production of new 
bone in its vicinity involve factors con 
cerned m bone growth and repair which are 
discussed elsewhere m this chapter m con 
nection with the healing of fractures Suffice 
it to say here that from a practical stand 
point the problem involves the placing of 
the graft in an environment providing an 
adequate source of new formed undifferen 
tiated connective tissue (granulation tissue) 
and a rich and efficient minute circulation 
(tissue space, lymphatic and ultimate capil 
lary) plus the elimination or reduction to 
a minimum of any and all sources of local 
irritation or inflammation 

The attack on this problem may have to 
be along any or all of the following lines 
depending on the conditions present in the 
individual case 

Preoperative 

1 Attention to deficiencies in the sys 
temic factors involved in the normal healing 
of wounds Dehydration, marked «eight 
loss evidencing severe depletion of protein 
levels m the blood (verified by serum pro 
tern determinations as described earlier m 
this chapter in the discussion of Shock), 
blood volume and hemoglobin loss as evi 
denced by hematocrit and blood count 
studies, and vitamin deficiencies in conjunc 
tion with weight loss and diminished appe 
tite and food intake are the major factors 
Adequate fluid intake, by parenteral means 
if necessary and high caloric high protein- 
high A itamm diets, plasma, and whole blood 


transfusions (the latter always being prefer 
able) are among the resources available to 
restore the patient from these deficiencies 
if present before any bone reconstruction 
program is started 

2 Attention to active local infection by 
adequate drainage, thorough removal of 
dead and infected bone and foreign bodies 
and the local and systemic use of chemo 
therapy (see earlier m this chapter) 

3 S)^temic chemotherapy as a safeguard 
against the flare up of possible latent infec 
tion at the operative site 

4 Allowance of sufficient time lapse after 
apparent complete control of wound mfec 
lion and healing before reconstructive pro 
cedures are attempted 

5 Plastic procedures if necessary after 
infection and wound healing are controlled 
to provide the environment of new tissue 
source and adequate minute circulation nec 
essary for the successful bone reconstruc 
tion If used preceding the actual bone 
procedure the plastic procedures must be 
employed sufficiently long after control of 
infection and wound healing to insure their 
success and be of such nature and suffi 
cienlly in advance of the bone reconstruc 
tion as to provide the necessary tissue and 
circulation sources at that time 

6 Attention to improvement of the local 
circulation by exercise and active use where 
possible, to improve deficient muscle tone 
and volume by physical therapeutic substi 
tutes for exercise and active use by pres 
sure dressings or supports and by posi 
tional (Buerger exercises) and gravity 
(moderate elevation) aids An atrophic and 
flabby extremity which has been inactive 
or immobilized for months is far from ideal 
for bone reconstruction procedures 

Operative 

1 Plastic procedures at the time of bone 
reconstruction to provide adequate tissue 
source and circulatory environment uhen 
indicated 

2 The use of local chemotherapy at the 
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time of operation as a safeguard against 
flare-up of latent infection. 

3. Jlinimal operative trauma to the sur- 
rounding soft parts, both in the nature of 
the approach and in the handling of the 
tissues. 

4. Removal of scarred tissue and bone 
sufficient to obtain adequate vascularity of 
the region. 

5. Adequate flxation of the graft. In gen- 
eral the more rigidly ftxed the graft the 
greater its chance of success. Incompletely 
fixed grafts may, of course, be successful, 
but the maximum chance of success lies in 
rigid fixation, ^\’hen a dense fibrous union 
exists, without a loss of substance and re- 
sultant gap between fragments, the simple 
“laying on” of a graft through subperiosteal 
e.xposure in a vascular area (the posterior 
face of the tibia, for e.vample) as practiced 
by Phemister, without fixation of the graft 
other than by the overlying tissues and 
without excision of the fibrous union be- 
tween fragments, may be ver)' successful. 

6. The use of grafts of adequate length 
\Miere possible, the graft should be at least 
two and one-half to three times the length 
of any defect present. \Miere little or no 
actual defect exists, the length of the graft 
should be three times the diameter of the 
bone, or longer if possible. 

7. Closure without tension in the soft 
parts surrounding the graft. 

The necessity for maintaining completely 
normal length at the expense of a gap be- 
tween fragments (which has to be bridged) 
always needs serious consideration. In most 
instances in the upper extremity this is not 
necessary-, and grafting with the ends of 
the fragments contacted is simpler, more 
certain of success, and shortens the conva- 
lescence time without causing functional 
disabilitj-. In the lower extremity it is prob- 
ably true that at times the attempt to main- 
tain full length at the expense of emplopng 
a more difficult and more precarious proce- 
dure with a prolongation of convalescence 
time is difficult to Justify. The acceptan^ 




Fic. 557. Methods of bone grafting. (A) 
Sliding inlay. (B) Diamond inlay. Inlay here 
is removed from eUewhere It may be mortised 
as in (E) below ( Albee) , or it may be edged, 
as here, by splitting end of each fragment and 
“springing” split ends (Gallic). (C) and (D) 
Intermedullar}' peg grafts (C) is a “shoul- 
dered” graft to bridge a defect. Bone chips or 
osteoperiosteal grafts may be used to further 
fill the gap. The peg is carefully formed to fit 
the medullary canal. (E) Jlortised diamond 
graft. (F) Onlay graft. In the sliding graft, 
graft comes from site of injuty'. In the onlay 
graft it is taken from eLewhere. Any gap 
caused by loss of substance may be filled wi'h 
chip or osteoperiosteal grafts. Grafts in (A) 
or (F) may be fastened in their prepared 
channels by r\ire or chromic-gut sutures or by 
stainless-steel or Wtallium screws. If wire or 
«Tit is used, method of passing suture with aid 
of drill holes is illustrated in (F^). It may be 
merely' passed around the bone to include 
graft, but this is not so satisfactory’. 
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of a reasonable amount of shortening m 
return for the advantages of grafting con 
tacted fragments may be far more sound 
and logical The shortening can be compen 




Fio SS8 Bone grafts (A) Henderson 
onlay graft, with bone chips or osteo 
periosteal grafts filling a defect due to 
loss of substance (B) Double onlay 
graft of Boyd (C) Osteoperiosteal on 
lay of McBride, with a plate super 
imposed for fixation, screws passing 
through graft and both cortices of sub 
jacent bone (D) Wide beveled onlay 
on prepared surface (Hey Groves, 
Kirk), screws may be placed in either 
of the ways shown 


sated for Both Smith Petersen and John 
Royal Moore take this viewpoint (personal 
communications) 

Various methods of internal fixation of 
the graft m the host can be used Vitalhum 
screws, stainless steel wire, stainless steel 
screws and vitalhum or stainless steel 
plates are all employed for this purpose 
Two different metals should not be used in 
conjunction, as brought out by Venable 
Chromic gut is still used by some, but wire 
has largely replaced it Self fixation of the 


graft by undercutting or wedging is also 
used alone or m conjunction with internal 
fixation means External fixation by plaster, 
by pm and plaster, or by pm and apparatus 
IS used with or without internal fixation 
The commoner practice today is probably 
internal fixation plus circular plaster which 
immobdizes the contiguous joints 
The various types of grafting which are 
m use are illustrated in Figs 557 to 560 
Many of these are drawn after those shown 
m the excellent article by John Royal Moore 
(Jour Bone and Joint Surg , 26 23 ) 

All the technical details discussed earlier 
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Fig SS9 Bone grafts (A) Barrel 
stave graft of Steele, (B) combination 
of barrelstave and shouldered inter 
medullary peg grafts (see Fig 557 C), 
(C) combination of barrelstave and 
wide beveled onlay (Wilson) (Com 
pare Fig 558 D ) 

in this chapter in reference to the open re 
duction of fractures hold true for the opera- 
tion of bone grafting and should be care 
fully observed 

The graft, and the bed prepared for it, 
may be cut fay the use of a motor bone saw 
or by thin and very sharp osteotomes When 
the motor saw is used, the author feels that 
one of the types which has a rheostat con 
trol of speed of revolution is advantageous, 
and that it should be used at as low a speed 
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as is consistent with cutting in the bone 
concerned. The generation of often extreme 
degrees of heat by the saw blade at high 
speed is, in his opinion, a definite disad- 
vantage. For this reason he is personally in 
favor of the use of thin and verj* sharp 
osteotomes for this purpose. 

PoSTOPER.\Tl\-E 

1. The period of postoperative fixation 
must, naturally, show considerable variation 
because of the variations in soft-part circu- 
lator}’ efficienc}’ and bone density encoun- 
tered. In general it can be said that 12 
weeks represents the minimum lime re- 
quired in the lower extremity, and that 
this may have to be prolonged to 24 weeks 
or more. The larger the gap to be bridged, in 
general, the longer the period of immobili- 
zation required. In the upper extremity 6 to 
8 weeks may be adequate time. More fre- 
quently 8 to 12 weeks are called for, and 
in the presence of relati\ely poorly vascu- 
larized tissues 12 to 16 weeks’ immobiliza- 
tion may be necessary. The criterion as to 
union is the x-ray appearance of the site. 
'The x-rays should be taken with external 
plaster removed if they are to be of any 
real value. X-rays for position can be taken 
through the plaster during the healing pe- 
riod, of course. It is astonishing how often, 
however, x-rays taken through plaster are 
used as criteria whereby to judge the char- 
acter and extent of the bone healing. 

2. The systemic use of chemotherapy may 
be indicated as prophylaxis against the de- 
velopment of latent infection in accordance 
with the methods described earlier in this 
chapter. 

3. Attention to deficiencies in the sys- 
temic factors involved in wound healing and 
control of infection, as described in pre- 
operative procedures, may have to be con- 
tinued for some time postoperatively as in- 
dicated by the usual clinical and laboratorj’ 
criteria. 

4. Slobilization of the patient as a whole 
as early as possible is a definite adrantage 


from the standpoint of circulatory and 
metabolic activity and from the standpoint 
of morale. 

5. Frequent active exercise of all joints 
in the extremity which the necessary im- 



Fic. S60. Bone grafts. For massive 
defects. (A) and (B) Two-stage fibular 
bridging (Huntington). (C) One-stage 
fibular bridging (Wilson). (D) Sliding 
massh’e onlay. (E) and (F) Moore’s 
fibular oblique section, with freshening 
and squaring of tibial edges and wiring 
of both bones. This is a simplified pro- 
cedure which sacrifices length for sim- 
plicity and for increased certainty of 
union. 
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mobilization will allow of within pain and 
fatigue limits is a very definite aid to the 
effiaency of the minute circulation 

6 Even though joints have to be ira 
mobilized voluntary exercise of the muscles 
which would ordinarily move them can be 
taught to the patient and the frequent use 
of these exercises within pam and fatigue 
limits IS of definite value m maintaining 
active and efficient minute circulation In 
deed the active mobilization of joints pos 
sesses value more because of the muscle 
action entailed than by reason of the joint 
movement 

7 Following the removal of fixation 
physical therapy measures can be of mate 
rial aid in helping functional rehabilitation 
if used as adjuvants to the patients active 
efforts and not as substitutes for them 

8 When the immobilization is removed 
because of x ray evidence of union brace 
support IS indicated in the lower extremity 
until X ray evidence of union is complete 
and homogeneous As soon as (he brace sup 
port will allow it crutch and cane should 
be discarded Their continued use when 
they can be gotten rid of does much to 
delay the patients resumption of normal 
weight bearing and activity 

The adequate carrying out of the post 
operative regime may do much to promote 
increased chances of successful take of the 
graft and to shorten rehabilitation time 
It IS a serious mistake to let a patient lie 
around in plaster m the hospital or at home 
passively waiting until and if x ray findings 
warrant activity without plaster The opera 
tion Itself IS often viewed as the whole 
story just as the reduction and immobiliza 
tion is often and erroneously regarded in 
fracture treatment but the chances of a 
successful operative result and the shorten 
mg of the time needed for rehabilitation of 
the patient and his extremity may be ma 
tenally influenced by proper postoperative 
handling directed towards the re-establish 
ment of a normal physiology and a proper 
psychology 


FRACTURES AND DISLOCATIONS 
Physical Therapy 

Physical therapy can be used to help 
meet two needs in the treatment of frac 
tures 

In the early stages for the first ten days 
following the injury it can be of aid in 
getting rid of the accumulation of the prod 
nets of tissue death of extravasated and 
broken down blood and of inflammatory 
exudate and edema This it does by relax 
ing muscle and vascular spasm and by 
mechanical aid to the minute circulation 
All the modalities of physical therapy which 
can accomplish these purposes should there- 
fore be of value 

The net result of such aid to the minute 
circulation of the part should be reflected 
in less thickening and fibrous tissue organi 
zation m the soft parts with the implication 
of earlier and easier recovery of function 
and in aid to the fracture healing process by 
early removal from the part of the acid 
products of tissue death and inflammatory 
exudate and broken down blood which may 
be a deterrent to the early and adequate 
deposition of calcium in the healing tissue 

Light stroking massage of the sedative 
type constant or prolonged periods of 
gentle heat and mechanical substitution for 
the milking action of normal nonspastic 
muscle action would seem to cover the 
field coupled with moderate elevation of 
the part and the \o]untary exercise of what 
ever muscles in the extremity the method 
of fracture treatment renders possible The 
heat can b“ simply supplied by an ordinary 
goo<^neck lamp beneath a blanket or sheet 
tent over the part The essential feature is 
that It keep the part warm— not hot— and 
that Its action be prolonged Baking ma 
chines can be used if the heat is kept 
low and if they are used for considerable 
stretches at a time The so called heat lamp 
or therapeutic lamp or the infrared ray can 
be used with the same restrictions Dia 
thermy must be used with the same idea m 
mind and should therefore be of low mil 
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liamperage (between ISO and 250 amperes) 
and for as prolonged periods as possible. 

The common error in the use of heat is 
the employment of too great intensity for 
short periods. The net result is to produce 
local congestion and minute circulaton.- sta- 
sis, defeating the object of treatment. The 
lower ranges of heat employed for pro- 
longed periods have a sedative action on 
muscle and vascular spasm. 

Tor mechanical aid to substitute for nor- 
mal muscle "milking*’ action on the minute 
circulation, one can make use of the posi- 
tive and negative pressure boots which are 
used in vascular disease, muscle massage 
may be utilized, and the electrical stimula- 
tion of a\'ailable musculature may be prac- 
ticed. .-UI of these means, if used, must be 
so used as not to cause pain or discomfort, 
for the muscle and vascular spasm which 
pain and discomfort evoke defeat the pur- 
pose of the treatment. When electrical 
stimulation of muscle is used to substitute 
for voluntary’ muscle exercise it must be in 
a form which induces a facsimile of normal 
muscle contraction without spasm. This can 
be secured by using a verj* rapidly inter- 
rupted current, the intensity of which can 
be slowly and gradually increased and 
diminished to produce rhythmic, spastniess, 
and slow alternating contraction and re- 
laxation of the muscle. Some of the sinu- 
soidal machines can do this, and more 
particularly the Smart coil (sometimes er- 
roneously called the Bristow coil), which 
utilizes a mercury' interrupter capable of 
high speed of current interruption and hand 
manipulation of the core within the coil, 
approaches most nearly, the author believes, 
the normal muscle contraction mechanism. 
There are a great many details in the carry- 
ing out of this type of electrical muscle 
stimulation which require expert handling 
to make it effective. Ordinary' gah'anism or 
faradism is of no value and do not repro- 
duce normal muscle action. 

Any voluntary muscle activity which the 
fracture-treatment method will allow of will 
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be of value insofar as it is free from spasm 
and is painless. All muscle exercise should 
be given for only a few minutes at a time, 
increased amount of exercise to be gained 
by increasing the frequency' of the short 
periods rather than prolonging the length 
of the individual periods .-Iny physical ther- 
apy or exercise therapy i^hich causes pair, 
or discovijort loses a large part if not all of 
its value in this early stage. All should be 
used short of pain and discomfort limits, 
and, in fact, should reduce the pain and 
discomfort present if they are really being 
of \'alue. How much all this therapy is indi- 
cated in the early stage depends upon the 
difficulty to be encountered in administer- 
ing it properly, and the need for it as de- 
noted by the amount and character of the 
obvious tissue changes. 

In this connection. r\hen the early swell- 
ing and tumefaction following fracture is 
great and excessive, a paravertebral or 
brachial block will often result in rapid 
and remarkable relief by its effect on vas- 
cular and muscle spasm. This is particularly 
true in crushing types of injury*, and in 
those in which early extreme and exquisite 
pain is a feature. It is not necessary or 
indicated in the ordinary “run-of-the-mill” 
case. 

In the late stages of fracture treatment— 
the stage of so-called after-treatment — it is 
the author's belief that it is not the role of 
phy'sical therapy' to rehabilitate the patient. 
It should be used distinctly’ only to make it 
easier for the patient to rehabilitate himself. 
Relaxation of spasm to relieve pain and 
motion limitation so that exercise and func- 
tion can more readily’ be carried out, me- 
chanical aid to the minute circulation, 
instruction in the means of gaining func- 
tional activity, plus guided aid and resist- 
ance, relief from the pain and stiffness after 
exercise — all these are the motivations 
which should be behind the use of any of 
the numerous modalities which physical 
therapy has to offer, rather than the real 
or theoretical benefit to be temporarily 
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offered by the treatment itself In the early 
stages the treatment itself plays a major 
role In the later stages it is but the means 
to an end 'When this is thoroughly realized 
by all technicians and notably by the doc 
tors who order and use physical therapy 
the value of this aid m fracture treatment 
Will be immeasurably increased 

LOCAL ANESTHESIA IN 
FRACTURES 

This may be used m any fresh fracture in 
which fluid hematoma exists at the fracture 
Site It IS of particular value when general 
anesthesia is inadvisable Its use is usually 
Unwise in the very apprehensive in the emo 
tionally severely disturbed m those with 
local skin lesions risking infection and in 
children In multiple lesions as a Colies 
with a fracture of the ulnar styloid each 
Site must be separately injected 

Technic The skin is shaved and cleaned 
thoroughly with soap and water alcohol 
and ether A skin antiseptic can tlen be 
used The author prefers mechanical cleans 
mg without the antiseptic Careful asepsis 
IS important Sterile draping and gloves are 
always indicated A wheal is raised in the 
skin with 2 per cent novocame A skin nick 
IS made A fresh long small gauge needle is 
applied to the syringe and is passed through 
the skin nick to the fracture site 1 per cent 
novocame being injected slowly ahead of 
the needle The fracture site is located 
using the needle as a probe the plunger 
of the syringe is partly withdrawn If the 
needle is in hematoma blood will enter the 
syringe If not the location of the needle 
point is changed and aspiration again tried 
If no blood can be aspirated anesthesia is 
apt to be poor If blood is obtained 20 to 
30 cc of I per cent novocame is injected 
into the hematoma the needle withdrawn 
and a sterile dressing applied Anesthesia 
should be adequate after 10 to 15 minutes 

DELA\ED AND NONUNION 

These present the same problems to a 


less degree that are met with in reconstruc 
tive surgery The condition of the patient 
himself may present no problem and the 
elements of infection and deficiencies in 
relation to the factors involved in all wound 
healing are less apt to require attention 
A local circulatory deficiency is usually the 
factor when the treatment of the fracture 
has been adequate This problem is met 
exactly as it is in the actual bone recon 
structive procedure by bone grafting In 
simple long delayed union or nonunion 
however mere drilling of the bone frag 
nients using multiple drill holes crossing 
the fracture line from one fragment through 
the other is sometimes used before resorting 
to grafting if the surrounding tissues are 
sufficiently vascular to offer reasonable hope 
of granulation tissue and capillary growth 
from them through the channels so estab 
lished In this instance the tiny bone frag 
ments created by the passage of the drill 
may be considered as multiple minute chip 
grafts Postojjeratjvely the same rmmobih 
zation and after treatment are required as 
would have been the case in a grafting pro 
cedure When the bone at the fracture site 
IS extremely sclerotic or when the soft 
parts surrounding the fracture site are 
fibrous and avascular the chances of sue 
cess are not good It is a procedure more 
logically applicable to a delated union 
than to a frank nonunion The latter is more 
apt to require grafting procedures 
When delayed union is present its rate of 
progress can sometimes be hastened by non 
operative measures which will allow of mus- 
cular activity with sufficient immobilization 
to prevent shift m axis or rotation or loss m 
length The so called walking iron or walk 
mg plaster or adequate braces in the lower 
eitremitj and braces in the upper extrem 
ity are such means Their trial is indicated 
however only when evidence of possible 
union IS present but the rate of union is 
slow and the callus scanty Their only pur 
pose IS to increase the efficiency of (he 
minute circulation through muscular acCiv 
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ity without allowing any dangerous degree 
of mobility or strain at the fracture site. 

MYOSITIS OSSIFIOVXS 
Myositis ossificans may complicate frac- 
ture or muscle trauma without fracture. 
Some discussion of this complication is pre- 
sented in connection \\ith elbow fractures 
in Chapter 31. When it does occur as a 
complicating factor it is well to remember 
that earh' intensi^-e attack on it by oper- 
athe removal, intensive physical therapy, 
or forced motion (active or passive) usualK 
results in increase in the amount, density, 
and speed of the bone formation. The for- 
mation of bone in these cases goes through 
a cycle of three stages. The initial stage is 
one of increasing amount of lightly calcified 
bone with indefinite borders as seen by 
s-ray. This period lasts for from two to four 
months, and is succeeded by a second stage 
in which the amount remains stationary, 
but the borders become progressively more 
definitely defined and the density of the 
mass as a whole increases. This period la^ls 
for from three to six months, and is fol- 
lowed by a period lasting about the same 
length of time during which the mass be- 
comes progressively smaller and denser. 
This may eventuate in complete disappear- 
ance of the bony mass or in its shrinking 
to an irreducible minimum which then re- 
mains stationarj' in size and density. 

During the first stage, treatment directed 
against the condition must be limited to 
such gentle active motion without pain or 
spasm as is possible, and physical therap>' 
is best omitted. Under no circumstances 
should active motion be forced, or should 
passive motion be used. Physical therajn*, 
if used, should be of the gentlest and mild- 
est tj’pe— purely sedative in nature. 

During the second stage this course must 
stai be held to. .Attempts to hasten the issue 
by intensive physical therapj’, b\' forcing of 
active motion or by operative removal in 
either of these two stages in most instances 
results in increase in the amount and den- 
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sity of the bone formed. It is a difficult 
thing to keep from trj-ing to do something. 
The carrying of heavy weights, for instance, 
in elbow cases may be definitely harmful. 
It is also difficult to persuade patients or 
their parents that seeming therapeutic in- 
activity is the part of wisdom. Active use 
within the limits of pain, spasm, or fatigue, 
and the mildest of sedative physical ther- 
apy are called for. 

When the third stage is reached, e-xcision 
may be done of the well-defined residue 
without recurrence of bone formation, to be 
followed by increasing e.xercise and physical 
therapeutic measures. Even then recurrence 
is sometimes seen, and it is the author’s 
opinion, on the basis of bitter e.xperiences 
o\er a number of years, that it is wiser to 
wail until the mass has reached its mini- 
mum and has been stationarj’ for several 
months before attempting operathe e.xci- 
sion. One can feel reasonably sure that re- 
currence will not take place at that time if 
careful dissection of the mass is carried out. 

Id the elbow, the scar tissue in the an- 
terior capsule and in the brachialis anticus 
In which the bone has formed may still be a 
bar to full e.\tension and a capsuloplasty 
may be necessary following the e.xcision. 

VOLKM.AXX’S ISCHEMIA 

This complication occurs usually in the 
forearm affecting the wrist and band. It is 
most commonly associated with supracon- 
dylar fracture of the elbow (see Chapter 
31), but is occasionally seen in fractures of 
the forearm bones associated with unusual 
hemorrhage beneath the deep fascia or with 
too tight splinting of the fracture. Prophy- 
laxis against it in elbow fractures is dis- 
cussed in Chapter 31. It is practically never 
necessary’ to incise the deep fascia of the 
forearm in supracondylar fractures to re- 
lieve this threat. U’hen the threat accom- 
panies forearm fractures, as evidenced by 
pulse diminution, coldness and numbness of 
the hand with color change, and weakness 
of finger motion, and is not promptly re- 
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lieved by removal of any constriction by 
splint or bandage, the indication is for 
extensive incision of the deep fascia of the 
forearm, including the lacertus fibrosus, to 
relieve the tension occluding the vessels 
The skin should not be extensively incised, 
as closure in the swollen condition of the 
arm is difficult The long line of masion 
through the fascia can be accomplished 
through several short successive skin inci 
sions m a longitudinal line, allowing skin 
closure, the long continuous incision or inci 
sions in the fascia being left wide open 
Once the condition becomes well estab 
lished, which may be within a few hours, 
this procedure may be too late to prevent 
the characteristic changes 
Established Volkmann s ischemic pa 
ralysis is a catastrophe The prognosis is 
poor under any method of treatment, the 
results of all methods being disappointing 
In the early stage of paralysis and before 
the occurrence of contracture, moderate ele* 
vation and heat, followed by the early insti 
tution of elastic traction on the wrist and 
fingers up to the point of tolerance in exten 
Sion, using a banjo or cock up dorsal splint, 
may minimize the extent of subsequent de- 
formity by contracture, and may be aided 
by the use of physiotherapeutic measures 
designed to aid circulatory efficiency, and 
exercises Even the early use of a cock up 
splint m extension for the wrist and fingers 
without elastic traction \m11 help in this 
respect, although it is not so effective 
When the contracture has already oc 
curred, the methods of treatment are those 
described over a long period of lime until 
no further improvement can be noted, fol- 
lowed by, if necessary, operative shortening 
of the forearm bones or transplantation of 
the internal condylar muscle attachments 
with a block of the humerus down on to 
the shaft of the ulna a sufficient distance to 
dimmish the amount of contracture caused 
by the fibrosed and shortened flexor mus 
cles The use of elastic traction, cock up 
splinting, acti\e exercise, and physical ther- 


apy entails a long and arduous course The 
patients get discouraged and unco operative 
and require considerable supervision The 
operative results are, in general not too 
encouraging, although occasionally very sat 
isfactory, considering the condition being 
dealt with 

With a particularly co operative patient 
under adequate supervision for a long 
enough time surprisingly good results can 
be secured m forearm cases by the con 
servative therapy with or without the addi 
tion of the operative procedures cited 

Occasionally this condition occurs in the 
lower leg as a result of hemorrhage from 
the tibial vessels or unduly tight splinting 
The general condition and the course of 
treatment indicated are similar to the pro 
cedures used m the forearm, and are de 
signed to relieve the tension, to minimize 
contracture, and to correct it if it has oc- 
curred insofar as possible 

Hemophiliacs occasionally develop Volk 
manns contracture of the forearm or lower 
leg as the result of spontaneous hemorrhage 
beneath the deep fascia without trauma In 
these cases operative procedures are, of 
course, contraindicated and the conserva 
live therapy is particularly unsuccessful 

SUDECK S ATROPHY 

This marked and spotty atrophy of bone, 
usually accompanied by considerable pain 
and often by evidence of soft part circula 
tory disturbance is a distressing complica 
tion seen m fracture, or sometimes, after 
sprain, or after contusion of bone It is 
apparently secondary to sympathetic vas 
cular disturbance Buerger exercises and 
moderate elevation will relieve mild cases, 
and can be augmented by the use of volun 
tary muscle exercises with or without joint 
motion The use of the positive and nega 
tive pressure boot, even for an extremity in 
plaster, will frequently be of great benefit 
The institution of as early function as pos 
siWe is of value, and the early use of physi 
cal therapy designed to relieve vascular and 
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muscle spasm will aid when it can be used. 
The more severe cases can frequently be 
relieved by lumbar paravertebral or bra- 
chial block, particularly if employed early, 
in association with the other measures men- 
tioned. 

In the more resistant cases, periarterial 
sympathectomy or ganglionectomy may be 
needed. Either of these procedures should 
be employed, if they are to be used, before 
the lapse of loo many months— probably 
within the first si.'c months— as otherwise 
the result is apt to be disappointing. 
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Compound Fractures 

William Darrach, M.D. 


DEnXITIOX 

Compound fractures are usuaJK defined 
as fractures which are complicated by a 
■R-ound of the skin which communicates 
directly with the site of the break. The 
importance of this complication is that it 
furnishes a source of infection. Infection 
interferes with the healing process of the 
bone. It may also be the cause of spreading 
cellulitis, osteomjelitis, or severe and even 
fatal sepsis. Even though the wound in the 
skin does not communicate directly with the 
fracture site originally, the infection may 
spread through the intervening tissues to 
the bone lesion. The practice of probing a 
wound to find out whether it communicates 
with the site of fracture is condemned. It is 
^er therefore to consider any fracture as 
compound which has a wound through the 
skin in dose proximity to it. 

The complicating wound may be caused 
by the direct force which breaks the bone 
or it may be due to the penetration of the 
skin from within by the end of one of the 
bone fragments. It is true that if the wound 
is made from within, the amount of contam- 
ination carried to the deeper planes is less 
than if the wotmd is made from without, but 
even a small pxmctured wound may be fol- 
lowed by infection of a serious nature. Any 
fracture that is complicated by a skin wound 
in the immediate neighborhood should be 
considered compound and treated accord- 
ingly. 


P.\THOLOGY 

Displacement of the fragments of bone 
almost alwaj-5 occurs in compound fractures. 
There la often comminution of the bone. 
With these there is considerable soft-part 
laceration E.xtensive soft-part damage re- 
sults in delayed union of the broken bone, 
even in dosed fractures. In compound frac- 
tures there is the added menace that the 
devitaliaed fat, fascia, and musde proWde 
excellent culture media for the invading 
bacteria. Contaminated matter may be car- 
ried into the wound by the original trauma 
or by improper first-aid treatment. Portions 
of skin, clothing, dirt, or the traumatizing 
agent itself, such as bullet, shell fragment, 
bit of wood or metal, may enter the wound. 

.^t the original injury, the end of a broken 
bone may protrude through the skin, and 
even through the dothing, and thus come 
ID contact with infective material. If the 
bone is pulled back into the w ound it will 
carry with it many bacteria. 

As the patient is lifted and carried from 
the site of accident, unless the injured part 
is well immobilized, there will be further 
churning of the bone fragments in the ad- 
jacent soft parts with additional laceration 
and the thorough sowing of bacteria in a 
fertile field. Unless the wound be protected, 
more infective material may be introduced 
by the rubbing of dothing against the 
woimd. IITien (he wound is caused from 
within and the end of the broken bone im- 
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mediately withdrawn from the v^ound, the 
amount of infection may be small Such a 
wound may heal with no evidence of infec 
tion, but if infection does occur the small 
wound brings the disadvantage of allowing 
insufficient drainage and so increasing ten 
Sion in the traumatized region This m turn 
interferes with local blood supply and so 
favors bacterial growth 

The amount and severity of infection 
which may develop m such a wound is in- 
fluenced by a number of factors 

1 The character of the contaminating 
material Street dirt (especially if there is 
horse traffic) and recently manured fields 
arc very apt to contain gas forming and 
tetanus organisms 

2 The amount of soft part damage 

3 The amount of secondary trauma 
caused during transportation of (he patient 
and the examination of the injured part 

4 The development of infection is fa- 
vored by anything which interferes with 
the local blood supply, such as tight band 
ages, tourniquets, dependent position of the 
injured part, general shock, and exposure 

5 Perhaps the most important factor— 
at least the most important controllable 
factor— IS the time which elapses between 
the original injury and the adoption of suit 
able treatment The process of infection is 
well under way within very few hours, 
spreading throughout the injured area and 
invading the adjacent tissues 

TREATMENT 
General Principles 

The chief objectives m the treatment of 
compound fractures are (1) To reduce to 
a minimum the secondary trauma of trans 
portation, examination, reduction, and «n 
mobilization, (2) treatment of shock (3) 
to limit and control the infection (4) to 
restore the normal relationship of the bone 
fragments as rapidly and completely as pos 
sible, (5) to maintain this position during 
the process of repair , (6) treatment of the 


wound (7) to restore the function of the 
muscles and joints of the affected parts 

Reduction of Secondary Trauma This 
IS largely a question of first aid treatment 
and transportation As qualified surgeons 
rarely are present at the time of accident 
this must depend largely on the actions of 
the bystanders The present educational 
campaign in first aid instruction by the Red 
Cross, Boy Scouts, and other organizations 
should receive the enthusiastic backing and 
help of the medical profession Whenever 
efficient splinting and careful handling of 
the injured patient can be earned out the 
outcome will be greatly improved The ef 
feels of careless handling may be worse 
than those of the original injury The 
injured patient should not be moved until 
some form of splintage has been applied 
to the injured part If a Thomas or similar 
traction splint is not available, some form 
of rigid support must be bandaged to the 
extremity to avoid motion of the broken 
bones and the resulting additional soft part 
injury and spreading of the contamination 
When an ambulance is not available some 
form of truck or station wagon where the 
patient ^n be placed horizontal is much 
better than any passenger car 

First Treatment of Shock This con 
sists of morphine and protection against 
cold Excessive heat may do harm by in 
creasing the loss of body fluid Except in 
extreme cases where the patient is almost 
moribund, further treatment by intravenous 
administration of plasma, saline, glucose, 
or blood can be given while the operative 
procedures are being carried out The best 
way to prevent further shock is to attend 
to the wound reduce the displacement, and 
put the injured part at rest at the earliest 
possible moment 

Control of Infection This requires im 
mediate protection of the wound to avoid 
additional contamination early operative 
removal of the infective material and de 
vitalized tissue, the use of sera and drugs, 
and the postoperative care of the wound 
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If a sterile dressing is not available the 
cleanest bit of material at hand should be 
snugly applied to the wound. Bleeding can 
almost always be controlled by moderate 
pressure over the wound and elevation of 
the injured extremity. Only in se\'ere 
hemorrhage will a tourniquet be necessary. 
Its use should be avoided if possible. 

After proper splinting the patient should 
be transported to a hospital. Here the pas- 
sage to the operating room should be de- 
layed only for the necessary x-ray and other 
examination, unless extreme shock requires 
preliminary treatment. 

Oper.\ti\x Technic 

The object is to convert a contaminated 
wound into a surgically clean one at the 
earliest possible moment. Debridement 
aims to remove all foreign material and 
de^italized tissue. 

The patient is placed on the operating 
table and anesthetized. With the traction 
splint still in place, the wound is pro- 
tected by a small compress and the adjacent 
skin shaved and cleansed over a wide area. 
The skin margins of the wound are then 
excised and the latter enlarged enough to 
give free exposure of the whole injured area. 
All de\italized fat, muscle, and fascia are 
dissected away and foreign material re- 
moved. Small detached fragments of bone 
should be removed but larger piecw with 
soft-part attachment may often be left. In- 
struments should be replaced as soon as 
contaminated and gloves frequently washed 
or changed. 

During the whole procedure the wound 
should be gently but profusely irrigated 
with normal saline solution. The sides of 
the wound must be retracted and the flow 
of fluid made to come from the depths of 
the woimd outward lest contamination be 
washed into the distant areas. That is, the 
wound is washed out and not in. After the 
superhdal part of the wound has been 
cleaned the deeper portions must also be 
explored and debrided. This will often re- 


quire gentle lifting or moving the bone 
ends to get at the underlying areas. 

Bleeding must be controlled lest hema- 
lomata form, offering an excellent medium 
for the growth of pathogenic organisms. 

\Mien there has been delay and the pa- 
tient comes to the operating room more 
than eight hours after the injury the opera- 
tive treatment should be more con5er\’ative. 
The contaminated wound has become an 
infected wound. In removing dedtalized 
tissue at this stage care must be taken 
not to e.xcise the zone of resistance and so 
spread the infection. After 24 hours the 
operative procedures are limited to removal 
of foreign material and the establishment 
of free drainage without tension. Just how 
much shall be done requires thoughtful 
judgment, weighing the time element 
against the amount and character of con- 
tamination, local and general condition of 
the patient, and the location of the frac- 
ture. 

Restoration of Normal Alignment of 
Bone Fragments. The next step in the 
operative procedure is to restore the normal 
alignment of the bone fragments. This is 
accomplished by the combined use of trac- 
tion and manipulation of the bone ends 
by suitable instruments. 

The idea that the reduction of displace- 
ment should be delayed until the infection 
is under control cannot be too strongly 
condemned. The best time to get accurate 
or even satisfactorj’ reduction is at the 
original operative attack. If reduction is 
delayed until the infection has subsided 
the tissue of repair will usually prevent 
proper alignment of fragments. Such late 
reductions will often start up a quiescent 
infection. 

The reduction of displacement should be 
carried out after the debridement is com- 
pleted. Debridement cannot be accom- 
plished thoroughly without shifting the 
position of the bone ends. 

Closure of Wound. There is still a dif- 
ference of opinion as to the wisdom of 
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primary closure of the wound after de 
bridement and reduction When success 
fuj]j carried out it undoubtedly lessens 
the danger of fresh contamination and 
simplifies the after care It has been 
adopted in a great many cases with a hi gh 
percentage of satisfactory results On the 
other hand where the wound is not closed 
there IS less tension in the traumatized 
area and so less interference with blood 
supply and better control of infection In 
comparing large senes of cases handled by 
the two methods it seems that, although 
there is a lower percentage of infection in 
the cases closed primarily, when infection 
does occur it is more serious than when 
the wound is left open In the latter group 
the infection is more localized and Jess 
virulent In the former group there is a 
higher percentage of widespread infection, 
sepsis, amputations and death It is safer 
to leave the wounds open Whenever it is 
possible without undue tension, the bone 
should be covered by adjacent muscle 
Use of Sera and Drugs The prophy 
lactic use of antitetanic serum has been al 
most universally adopted The necessity 
for the use of the sera to combat the gas 
forming organisms is less since the newer 
drugs of the sulfonamide group and peni 
cillin have come into use The use of these 
agents can be made more effective if care 
ful bacteriologic studies can be made Some 
information as to primary drug treatment 
can be obtained from smears taken from 
the original wound Reports on cultures 
made from the debnded tissue will be of 
great value At the completion of the 
operation cultures taken from the wound 
will show the effectiveness of the debnde 
ment All such cultures should be aimed to 
show both aerobes and anaerobes The ef- 
fect of the sulfonamide group on the heal- 
ing of compound fractures has not as yet 
b^en definitely established Apparently the 
systemic use of these drugs is assoaated 
with fewer instances of severe spreading 
infections and bacteriemia The clinical 


evidence in its local use does not show any 
decrease in the percentage of local infec- 
tion IVhen used properly, by insufflating 
a thin layer over the well debnded surface 
there seems to be no interference with 
wound healing but when large amounts 
are introduced there is definitely more 
edema with consequent tension and delay 
in the process of repair As a prophylactic 
measure the advantages of zinc peroxide 
in its effect on the anaerobes is outweighed 
by Its tendency to cake and to thus inter 
fere with wound healing Its use is indicated 
when an anerobic infection has developed 
(See Chapter 22 for a detailed discussion 
of chemotherapy —Ed ] 

Maintenance of Position after Reduc 
tion This may be accomplished in several 
ways The selection of the method will de 
pend on local conditions as well as the ex 
perience and preference of the surgeon 

1 Splints alone These may be of metal, 
wood, or plaster of pans 

2 Traction and suspension The traction 
may be applied by adhesive to the skin or 
through a wire or pin transfixing the bone 

-3 Traction may be maintained by wires 
or pins introduced on either side of the 
fracture and incorporated into circular 
plaster splints or some form of external 
metal appliance Fixation is more rigid 
when two pins are placed on either side of 
the fracture line 

4 Internal fixation by metal plates, 
screws, and bolts followed by suspension 

The successful control of infection as well 
as the bone repair will depend largely on 
the rigidity of the immobilization of the 
bone fragments Frequent shifting of posi 
tion of these fragments will traumatize the 
tissue of repair and open up channels for 
spread of infection It will also impede 
callus formation Single transverse frac 
tures may sometimes be controlled by 
splints alone but oblique or comminuted 
cases will require traction or internal fixa 
tion 

After-treatment of Wound In the 
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early operative treatment the attempt has 
been made to convert a contaminated 
vround into one which is surgically clean. 
Subsequent treatment aims to combat the 
growth of bacteria left behind, and to 
avoid recontamination and any interfer- 
ence with the local blood supply. Dressings 
should be changed as infrequently and as 
gently as possible. Free drainage will a\’oid 
internal tension. Let gravity aid venous re- 
turn and avoid constricting bandages. 

Many surgeons favor the use of sodium 
hj'pochlorite by the Carrel-Dakin method 
while others feel that this interferes with 
callus formation. The local use of zinc 
peroxide and the different sulfonamide 
drugs has been mentioned. Separation of 
the wound surfaces by gauze impregnated 
with petrolatum allows free drainage with 
minimum damage to the granulation tissue 
of repair. 

The Orr method in\oIves primarj’ de- 
bridement, reduction, and immobilization 
in circular plaster without change of dress- 
ing, except at long inter\'als. This method 
is more apt to succeed when a thorough 


debridement is done within a very few 
hours and the patient can be carefully 
watched for any evidence of spreading in- 
fection. 

Rigid internal fixation followed by sus- 
pension avoids any outside constriction and 
permits early active use of the muscles and 
neighboring joints. It also allows constant 
inspection of the wound. 

The problems involved in the care of 
compound fractures require careful ex- 
amination, thoughtful weighing of all fac- 
tors, prompt action, careful judgment, and 
great attention to detail. Each case must 
be studied on its merits and the general 
principles applied according to the condi- 
tions at hand and the technic available. 
WTiat should be done in a single case 
quickly brought to a well-equipped hospital 
will be quite different from the treatment 
of a similar case in isolated surroundings 
or when war conditions or civil catastrophe 
involve wholesale work by limited per- 
sonnel. 

[For details of procedures in compound 
fractures, see Chapter 22.— Ed.] 
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Fractures of Facial Bones 


George R. Brighton, M.D. 


Incidence. The general consensus as to 
the incidence of fractures of the face places 
them in the following order of frequency: 
(I) Fractures of the mandible, (2) fractures 
of the nose, (3) fractures of the malar bone 
and zygomatic arch, and (4) fractures of the 
superior maxilla. 

Fractures of the mandible and maxilla 
are not considered in this discussion but 
will be noted elsewhere. (See Fractures and 
Dislocations of Jaws, Chapter 25.— Ed.] 

The fractures of the nose will be con- 
sidered first. 

FRACTURES OF NOSE 
Anatomy of Nasal Bones 
The anatomy of the nasal bones must be 
considered carefully in order that the con- 
tours may be reconstructed not only on the 
outside but also on the inside of the nose. 

The two nasal bones bound the anterior 
nasal opening above. Each one is a four- 
sided plate with an outer and an inner sur- 
face. The upper end is thick and jagged, 
articulating with the frontal above and also 
behind. The anterior border, which articu- 
lates with its fellow, is thick above and 
thin below. WTien the two bones are in 
place, the united upper portions of these 
borders form posteriorly the nasal crest, 
which articulates wth the nasal spine of the 
frontal, and sometimes with the vertical 
plate of the ethmoid below it. The posterior 
border joins the ascending process of the 
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maxilla. The thin lower border, slanting 
downward and outward, has one or two 
indentations. The outer surface is broader 
below than above. It is depressed in the 
upper third, and has there a foramen for a 
vein. The extreme upper part of the inner 
surface is rough to join the frontal. Below 
this it is smooth where it forms the front 
of the nasal chamber, the lower part of the 
Inner surface sometimes seems hollowed out. 
A vertical groove for the nasal nerve ends 
near the notch in the lower border. 

Pathology of Nas^l Fractures 

Practically all nasal fractures are im- 
pacted and compounded and are of two 
general types. 

X. Vertical Impacted or Depressed 
Fracture. This type is usually the result 
of direct trauma as a result of head-on col- 
lisions or automobile accidents in which the 
nose was struck directly from in front. The 
bones are fragmented and impacted in 
A'arieties of positions. In this type of frac- 
ture soft-tissue damage is usually' severe. 
The swelling appears very quickly and 
makes the underlying bone pathology diffi- 
cult to ascertain. In this type also we have 
some deflection of the triangular cartilage 
and it is also possible to have injury to the 
perpendicular plate of the ethmoid. 

2. Lateral Impacted Fracture. This 
type is caused by the blow being received 
on the side of the nose either because it was 
delivered from that angle or the recipient 
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had time to turn the head away from the 
oncoming blow There are usually three or 
four fracture lines Three of them are verti- 
cal and the fourth is horizontal and up 
toward the junction of the nose and fore- 
head This provides two fragments The one 
on the side away from the impact is devi 
ated outward and the fragment on the side 
of the impact is deviated upward and im 
pacted under the outer fragment When this 
occurs there is usually a deviation of the 
triangular cartilage of the septum and it fre- 



X B 

Fio 561 (A) Vertical impacted frac 
ture of nasal bones shading direction of 
fracturing force and resultant bony de 
formity, including deviation of nasal 
septum (B) Lateral impacted fracture, 
to show direction of force and deformity 

quently is deviated away from the site of 
impact The vomer and perpendicular plate 
of the ethmoid are not involved unless the 
blow was very severe 

Diagnosis 

The diagnosis of fractures of the nasal 
bones is apt to be very difficult unless the 
patient is seen immediately after the aca 
dent Soft tissue swelling makes the feeling 
of any fracture difficult and crepitus is 
almost never elicited X ray examinations 
made with small dental films will sometimes 
give the fracture lines There are so many 
shadows on the x ray films of this region 
that unless there is considerable deviation 
from the normal it is eas> to make a diag 
nosis of a fracture when it is not present 
It is important to observe the septum very 
carefully when making the diagnosis of a 
fracture of the nasal bones The presence of 


hematoma of the septum or a sharp deflec- 
tion of the septum away from the side of 
impact may help in making the diagnosis 

Treatment 

Inasmuch as all fractures of the nasal 
bones are compounded the greatest care 
should be taken in cleansing of the nasal 
passages The presence of sinusitis also adds 
to the problem of therapy The procedure 
at the Presbyterian Hospital of New York 
is as outlined below 

If there is any laceration of the skm over 
the nasal bones the wounds are very care 
fully cleansed with peroxide of hydrogen 
and the edges approximated with either silk 
or dermal sutures If the wound is very 
large a small twisted dram is inserted at the 
lower angle Following this procedure the 
nares are cleansed of clotted blood and 
debris with peroxide of hydrogen The nasal 
mucosa is sprayed with a weak cocaine solu 
lion (2 per cent) Following this, topical 
applications of 10 per cent cocaine and 
adrenalin 1 1,000 are made to the mucous 
membrane of the turbinates and septum. 
Under general anesthesia an Ash forceps, 
the blades of which have been covered with 
a thin rubber tubing is inserted into the 
nose, one blade of the forceps on each side 
of the septum Depending upon the type of 
impaction, direct or lateral, the forceps are 
raised upward in the direction opposite to 
that of the force which caused the fracture 
In the direct type, if there is not a great 
deal of comminution, it is possible to feel 
the edges of the nasal bones re articulate 
with the nasal process of the superior 
maxilla and no further manipulation is then 
necessary If this sensation is not felt the 
fragments of the nasal bones are molded 
into position with the fingers when the Ash 
forceps has broken up the impaction When 
the reduction is complete the forceps are 
withdrawn from the nose and any bleeding 
is controlled by adrenalin or cotton swabs 

In our experience at the Presbyterian 
Hospital we have never felt it necessary to 
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pack the nose or to use any of the splints 
designed for internal support. If the septum 
is returned to normal position it in itself has 
alwaj-s seemed sufficient to keep the frag- 
ments in position. A light external splint is 
made of dental plastic and molded over the 
nose after bleeding has stopped. This is 
placed in position not so much to act as a 
support but to act as a protection against 
dislocation of the fragments by light e.xter- 
nal trauma. 

Most of the cases of simple fracture of 
the nasal bones following a procedure such 
as has just been outlined repair very rapidly 
and without sequelae. However, if there has 
been considerable infection and osteomye- 
litis develops it is always possible to resort 
to chemotherapy and further radical sur- 
ger>’. We have no cases on record in which 
it was necessarj’ to use the latter additional 
procedures. 

[Prophylactic administration of chemo- 
therapy by mouth is advocated by some 
men. For use of chemotherapy, see Chap- 
ter 22. As a protection against inadvertent 
trauma from the hands during sleep, splint- 
ing of the elbows in extension at night has 
been adNased. This works very well, partic- 
ularly since a patient with elbows splinted 
in extension seems to remain consistently on 
his back during sleep. The necessity for 
sedative, if the patient is unaccustomed to 
this position in sleep, is occasional.— Ed.] 

FRACTURES OF M.ALAR AND 
ZYGOMATIC ARCH 

Anatoiiy 

The zygomatic bone (old terminolog>', 
malar) lies in the most prominent part of 
the cheek and is therefore often referred to 
as the cheek bone. It articulates anteriorly 
with the zygomatic process of the maxilla, 
posteriorly with the zygomatic process of 
the temporal bone, by which junction the 
zygomatic arch is formed ; superiorly it 
unites with the great wing of the sp>henoid 
and the frontal bone. The anterior-superior 


portion of the bone forms the lateral orbital 
border and a portion of the floor of the 
orbit. In structure the zygomatic bone is 
compact with little spongj- tissue. Assisted 
by the zygomatic process of the temporal 
bone, it forms the buttress which supports 
the maxilla and the lateral wall of the orbit. 
Beneath the zygomatic arch is the coronoid 
process of the mandible, an anatomic fact 
worth}' of notice. A depressed fracture of the 
zygomatic arch or of the zygoma may pre- 
vent normal movements of the mandible by 
mechanical interference. 

Patiiolocv of Z\co.matic Arch and 
Malar Fractures 

.•\ fracture of these bones is always the 
result of direct violence; it may be from 
below, from directly in front, or from above. 
The fracture may involve the borders of the 
malar bone alone, but this is very rare. The 
Usual type is that in which the suture lines 
are disrupted, dislocating the bone upward, 
downward, or backward. The zygoma may 
be fractured alone at the malar suture or at 
the temporal suture. The anterior wall may 
be driven in by direct violence and the 
alveolar process broken. The palateal suture 
may be separated or the malar driven down- 
ward and impacted into the maxilla. 

Diagnosis 

In examining the fractures of the malar 
bone or zj'goma it is best to have the pa- 
tient prone, and, standing behind him, to 
compare the left and right sides of the face 
digitally and visually, outlining the lower 
rim of the orbits, the borders of the malars 
and the zygoma with the fingertips. The 
low’er borders of the malar and zygoma may 
be examined by hooking the fingertip under 
it and traveling the entire length of the 
bone. Any deformity, depression, or mobil- 
ity with or without crepitus are salient 
diagnostic points; often the swelling about 
the orbit may obscure the findings but any 
definite depression in the inferior border of 
the orbit immediately suggests displacement 
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of the malar bone downward and backward 
Overlapping fragments will produce a pal 
pabJe ridge 11 hen the bone is displaced 
downward and inward there is a depression 
of the cheek below the outer canthus of the 
eye and a bulge below When the displace 
ment is doivnivard and backward there is a 
depression of the outer half of the inferior 
orbital ridge and bulging of the zygomatic 
arch Anesthesia of the lower eyelid upper 
Iip and nose is common due to pressure on 


tion causing displacement of the fragments 
and secondarily to contraction of the mus 
des attached 

7 Abnormal mobility 

8 Crepitus 

9 X ray evidence of deviation from the 
normal bony structure 

Treatment 

In the treatment of these fractures the 
important problem is to restore the normal 




Ftc 562 {Left) Shaded area shows area and position occupied by 
malar bone 

Fio 563 {Right) Malar viewed from in front showing its partici 
pation m formation of orb t and its relation to infra orbital nerve 
When zygomatic arch is broken by a blow from the side and de 
pressed it may embarrass action of lower jaw articulation 


the infra orbital nerve In fractures of the 
malar and zygoma the function of the man 
dible IS rarely interfered with but should 
always be considered and ruled out as a 
part of the pathology 

In summary (he salient symptoms and 
signs in this condition are 

1 Pam 

2 Disability 

3 Swelling 

4 Tenderness 

5 Discoloration due to the effused blood 
reaching the surface In some cases the dis 
coloration may not appear for several days 

6 Deformity due to the force and direc 


contour of the bone Early treatment is 
extremely important as the healing is very 
rapid in this area and after two weeks it 
may be almost impossible to reduce the de 
formity without resorting to operative sepa 
ration of the fragments The number of 
methods of reduction of fractures in this 
region are legion However unless the frac 
ture IS a bowing away of the fragments 
which can be pushed back into place from 
without all of the methods of treatment 
must devolve upon the problem of open re 
duction The following is a description of 
some of the more common methods of re- 
duction which have been very clearly out 
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lined by Kanthak in his recent article on through to form a wire sling about the bon 
this condition. By this means traction can be exerted ou 

ward and the bone pulled into position. TI 
Matas first proposed the use of wire trac- bone is prevented from relapsing to its pr 
tion. By his method, described for the treat- vious position by twisting the wire over 



ABC 
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Fic. S64. (A) Matas’ method of reduction. (B) Roberts’ method. 

(C) Method ad\'ised by Manwaring and Gill. (D) Intra-oral method 
of Keen. (E) Gillies’ method. (F) Method used by Ly, Curtis and 
.Akerraan. (G) Lathrop’s method Wa mucobuccal fold, canine fossa, 
and antrum. (H) Intnmasal method of Shea and Watkins. 

ment of depressed fractures of the zygomatic glass microscope slide laid over the arch on a 
arch, a large cur\-ed Hagedom ne^e is piece of iodoform gauze. Other direct ap- 
threaded with hea\-y silk and passed through proacbes have been proposed. Thus, towel clips 
the skin under the zj-gomatic arch and brought and cowhom dental forceps with ^^hich to 
out over the arch. The silk acts as a carrier for grasp the bone from the outside have been 
a silver wire which is then attached and pulled proposed (JIanwaring 1913, Gill 1928}. Jloor- 


702 


FRACTURES OF FACIAL BONES 


head (1917) recommends traction on the bone 
by a hook or other device passed beneath the 
depressed bone This method has recently been 
reintroduced by Patterson (1935) who uses 
a heavy curved tenaculum passed under the 
bone through a small skin incision pulling the 
fragments outward until reduction occurs 
Similarly Roberts (1928) makes a small in 
cision over the bone and passes a cpecial 
corkscrew like instrument through the bone 
and using this as traction manipulates the 
fragment into place Ivy and Curtis (1931) 
employ a modification of this method with 
success They make a skin incision over the 
depressed bone drill a small hole into the 
bone and insert either an ordinary screw 
hook or a dental screw porte into the bone 
which may be thus man pulated Less direct 
approaches have been proposed by Lathrop 
(1906) who makes an incision into the muco 
buccal fold on the involved side opens the 
antrum in the canine fossa as through a 
Caldwell Luc approach cleans the maxillary 
sinus of bone fragments and blood clots and 
elevates the depressed malar bone by a sound 
introduced into the antral cavity Gauze is 
then packed into the antrum to provide sup 
port for the fractured bone The pack is re 
moved in five to ten days Shea (1931) and 
Watkins (1937) use a similar method of treat 
ment except that an intranasal antral ap 
proath vs used keen (1909) recommends 
reduction by inserting a heavy blunt instni 
ment under the zygomatic process of the malar 
bone through the mouth thereby filling the 
fragments into place This method has been 
reintroduced by Straith (1937) Gdhes Kilner 
and Stone (1927) indicated another indirect 
approach which is a classic of applied anatomy 
An inch long incision is made m the hairline 
superiorly and anteriorly to the ear d ssecting 
down to the temporal fascia throu^ which a 


small incision is made Through this opening 
an instrument may now be passed directly 
downward and forward under the zygomatic 
bone which can then be levered into a normal 
position Any and perhaps all of these meth 
ods sufi’ce for the treatment of early uncom 
pheated cases and may be satisfactorily used 
for here sufficient comminution usually exists 
to m^e possible the retention of the fragments 
once they are elevated Simple elevation of 
the bones provided they will stay m the re 
duced position is sufficient to treat the 
majority of these fractures but some difficulty 
has been experienced in maintaining the posi 
tion of the reduced fracture in late or neg 
lected cases [See also Chapter 25 — Ed ] 
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Fractures of Jaws 

Francis S. McCaffrey, D.D.S. 


General Considerations. In studying 
fractures of the ma:uUary bones and the 
mandible it will be well to realize from the 
very beginning that certain of the anatomic 
features presented will differ considerably 
from those found in the other bones of the 
body, and that because of the unusual con- 
struction and varied functions of the jaws 
special methods of treatment are required 
in the management and repair of jaw 
fractures. 

The presence of the teeth, for example, 
creates an unusual situation, and their rela- 
tionship to the fracture may appear at first 
to be a complicating factor that will inter- 
fere with the bone repair. The teeth have 
no reparative qualities, it is true, and are 
likely to be a source of infection when lying 
in the fracture line. Even so, they should 
not be regarded simply as foreign bodies or 
as obstacles in the path of treatment. On 
the contrary, they will ser\’e a verj’ useful 
purpose. Full advantage should be taken of 
their presence, because by their location in 
the dental arches they provide a ready and 
natural means of anchorage in the reduction 
and fixation of the fracture. Furthermore, 
their proper alignment constitutes a main 
contribution in restoring function, which 
after all should be the essential motive 
underlying the treatment of all fractures. 
The real value of the teeth is indeed 
strikingly brought home when they are 
found to be missing, as in edentulous jaws. 

Many methods have been deWsed to con- 


trol fractures of the jaws and to hold the 
fragments fixed in proper position during 
the process of repair. Some of these methods 
are relatively simple and others are decid- 
edly intricate, but in the final analysis they 
are all based on three fundamental methods 
of treatment; namely, fixation by (1) wir- 
ing, (2) splinting, and (3) elastic traction. 

The many mechanical refinements and 
modifications employed are simply varia- 
tions of these basic methods. It will be well 
to bear in mind that the greater the varia- 
tion the greater will be the possibility of 
complicating the case. Too much stress 
sometimes can be placed on the mechanics 
of the appliances used to the extent of fos- 
tering weakness or promoting inaccuracies. 
Certain pet theories can be given too much 
consideration with the possibility of sacri- 
fice of the main issue. 

WTiile the mechanical problems in%’olved 
in the fixation of jaw fractures are of prime 
importance, and the ingenuity displayed in 
solving these problems will have a direct 
bearing on the outcome of the case, it mxist 
be remembered that the mechanical skill re- 
quired is not the chief factor in the manage- 
ment of the injurj’. The fundamental princi- 
ples governing the care of all fractures are 
of major importance, and these principles 
should be the guiding influence in the selec- 
tion of the right method of fi.xation at the 
right time. Upon this will truly depvend the 
success or failure of the case. 

The importance of early treatment, for 
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example with accurate reduction and con 
trol of infection cannot be overemphasized 
Active early care should always be insti 
tuted when not contraindicated by injuries 
of a more serious character The fracture 
reduction in the early stages will be far less 
difficult to accomplish and the possibility of 
infection will be lessened while delay may 
spell the difference between a relatively 
simple case and a complicated one Like 
wise inadequate treatment in the early 
stages should be carefully avoided 

The improper use of bandages may cause 
considerable damage by producing increased 
displacement and an overlapping of the 
fragments effecting a malocclusion of the 
teeth resulting m subsequent loss of func 
tion Too tight a bandage is worse than no 
bandage at all 

Infection frequently plays an important 
part in the behavior of the case because of 
the many possibilities for its development 
found in the presence of diseased teeth 
loose fragments of bone foreign bodies and 
th ompounding of the fracture 

The rational extraction of teeth and ade 
quate incision and drainage should be em 
ployed not only to control the acute syrop 
toms but also to prevent the continued 
destruction of bone which may cause a 
wider separation at the fracture line lead 
to increased displacement of the parts and 
result in impaired function 

From the foregoing it can be readily seen 
that up to a certain point the successful 
treatment of jaw fractures will depend on 
several factors each one of which will be 
important in itself but each one of which 
also will be dependent upon the others The 
particular ingenuity and skill displayed in 
planning constructing and applying the 
methods of fixation must also be supported 
by a full conception of the processes 
involved m bone repair together with the 
ability and knowledge required to control 
the local complications that may develop 
The clinically trained dental surgeon will 
be well qualified to carry on under sudi 


circumstances But this is not all Many 
cases presenting serious general complica 
tions caused by multiple injuries or due to 
systemic diseases that will interfere with 
the active treatment of the jaw fractures 
or that will retard the repair of the injury 
will demand the attention of the physician 
and surgeon The care of one condition will 
effect the repair of the other and the situ 
ation portrayed will furnish a splendid op 
portunity for close cooperation on the part 
of both the medical and the dental practi 
lioner 

FRACTURES OF MANDIBLE 
The mandible is the largest and strongest 
single bone of the face but because of its 
exposed position anatomic formation and 
lack of rigid support it is also one of the 
most frequently fractured The fact that it 
is a vulnerable point in effecting a disturb 
ance of normal equilibrium subjects it to 
many forms of attack and injury 
The body of the bone is horizontal and 
curved somewhat like a horseshoe the rami 
are perpendicular and join the body at the 
back part at nearly right angles This struc 
tural arrangement and the presence of teeth 
(particularly if impacted and diseased) and 
oftentimes spaces m the dental arch where 
teeth have been lost contribute to weakness 
m the bone The articulation with the skull 
is also an important factor The head of the 
condyle supported by a thin and narrow 
neck at the upper margin of the ramus 
articulates with the glenoid fossa of the 
temporal bone to form a gingljmo arthro 
dial joint on each side These two freely 
moving joints and the bilateral muscular 
attachments comprise the only support 
given to the bone and very often this is 
not sufficient to withstand the violence to 
which it is subjected These are natural 
characteristics but they are so pronounced 
and combine so closely in establishing an 
inherent weakness in the bone against 
trauma that fracture should be suspected 
in all severe injuries to the face and jaw 
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Due to the size, shape, and suspension of 
the lower jaw, the fracture may be pro- 
duced not only by direct violence at the 
point of injury, but may also occur at some 
distance from the point of impact due to 
indirect violence. Hence bilateral fractures 
are nearly as common as unilateral ones 

Causes 

In civdl life a blow by a fist or some 
object held in the fist, delivered in a fight 
or a holdup, is the most common cause, 
followed in order by automobile accidents, 
falls, kicks, and various kinds of missiles, 
including gunshot wounds. 

In wartime machine-gun bullets, shell 
and bomb fragments, flying missiles, and 
high-speed mechanized equipment will be 
the major causes, and the injuries more 
grievous. 

The extraction of a tooth rarely causes 
complete fracture through the body of the 
bone; the break usually is confined to the 
alveolar process and is of minor considera- 
tion, but when deeply impacted teeth are 
removed the possibility of fracture is in- 
creased and extreme leverage should be 
carefully avoided. 

Classiticatiox 

Fractures of the mandible are usually 
classified as to kind, number, direction, and 
position. Below are listed the therapeutic 
implications of certain classes of fracture. 

Complete or Incomplete. Complete 
FRACTURES passiog through the full sub- 
stance of the bone are found chiefly in the 
body of the bone. They are less common 
in the ramus; here the damage is usually 
limited to the processes of the bone. 

Incomplete fracttures usually involve 
the alveolar process and frequently occur 
during the extraction of teeth, or when the 
teeth have been displaced by the \nolence of 
injur>’. Greenstick fractures are occasionally 
found in children and in the edentulous jaw. 

Simple, Compound, and Comminuted- 
SiMPLE OR closed FRACTURES are most likely 


to be seen passing through the condyloid 
process of the ramus, through the sigmoid 
notch, and also, although rarely, through 
the coronoid process. MTien there is little 
or no displacement the repair is rapid and 
une\entful. It should be remembered that 
fractures passing behind the angle and in- 
x’olving part of the ramus are not always 
of the closed variety, being often com- 
pounded Into the mouth. 

Compound fractures appear most fre- 
quently in the body of the bone. MTien the 
teeth are in the arch, the fracture is always 
compounded through the gum margin into 
the mouth, less frequently through the skin. 
If the jaw is edentulous the fracture may 
be simple. 

Comminuted fractures are quite com- 
mon in the body of the bone. Comminution 
may vary in extent, but if the fracture is 
compounded some sequestration of the bone 
may be expected, either in the mouth or 
through the skin. In closed fractures the 
comminution is less likely to complicate 
the case, except from the mechanical stand- 
point. 

Single or Multiple. Single fractures 
are the most common at any point in the 
bone. Double fractures are by no means in- 
frequent. They appear more often on oppo- 
site sides of the bone than on the same 
side, but when on the same side the dis- 
placement is likely to be more difficult to 
control. 

Multiple fractures involving three or 
more separate regions of the bone are un- 
common. Only e.xtreme force will fracture 
both sides of the body of the bone and both 
rami at the same time, and even with the 
present-day hazards of automobile driving 
and the increase of multiple fractures, for- 
tunately this rarely occurs. 

Vertical, Oblique, or Horizontal. These 
lines are used to describe the general direc- 
tion of a fracture in its relation to the long 
nxitt of the bone although its outline may 
be very' irregular. In comminuted fractures 
more than one line may have to be men- 
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tioned to complete the description The 
oblique fracture is the most common both 
in the body and m the ramus If oblique 
fracture lines run in the direction of mus 
cle pull displacement is apt to be marked 
and difficult to control 
Depressor or Elevator One classifica 
tion of jaw fractures is based on their loca 
tion in respect to the downward or upward 
pull of the muscles attached to the bone 
The action of these muscles may maintain 
or increase displacement of the parts This 
classification is therefore significant in plan 


the body of the bone the mylohyoid muscle 
will draw the displaced fragment inward 
The digastric (anterior belly) and the 
geniohyoid have closely associated attach 
ments on the inner surface of the mandible 
at the symphysis and m combination with 
the mylohyoid pull downward and back 
ward on the forward part of the jaw In 
single fractures at the symphysis the de 
pressor muscles on each side exercise an 
equal amount of force and the fragments 
are likely to remain in good position In 
single fractures through the body lateral to 



Fig S6S (Lejt) (A) Mylohyoid showing attachment to (B) mandible and (C) 
hyoid bone It pulls downward inward and ^ckward on body of bone (After Gray ) 
Fig 566 (Center) Inner aspect of mandible showing attachments of internal pterygoid 
(A) temporal (B) external pterygoid (C) mylohyoid (D) anterior belly of digastric 
(E) and geniohyoid (F) Internal pteryoid rotates posterior fragment outward on its 
long axis and pulls it forward External pterygoid rotates condylar head Digastric apd 
geniohyoid pull downward and backward on region of symphysis (After Gray ) 

Fig 567 (Right) Outer aspect of mandible showing masseter (A) and temporal (B) 
muscle attachments Masseter pulls upward and outward temporal upward and back 
ward (After Gray ) 


nmg treatment Under normal conditions 
the depressor and elevator muscles act 
ing m groups have a reciprocal action in 
carrying out the functions of the jaw When 
a fracture occurs this muscular balance is 
disturbed Any resultant displacement will 
be affected by the action of the group exert 
mg the greater pull 
The depressor croup of muscles is com 
posed of the mylohyoid digastric and 
geniohyoid all of which have their attach 
ment on the inner surface of the body of 
the mandible and pass inward downward 
and backward to the hyoid bone exerting a 
strong muscular pull in the'^e three direc 
tions (Figs 565 and 566) In fractures along 


the symphysis this depressor group tends to 
cause tilting of the fragments or an inward 
and downward displacement of the chin 
fragment In bilateral fractures the anterior 
fragment will be drawn downward and 
backward into the floor of the mouth being 
isolated and under complete control of the 
depressor group As the site of fracture 
moves backward closer to the angle it will 
gradually pass out of the range of action of 
the depressors and become subjected to the 
upward and outward pull of the elevators 
In this intermediate situation the action of 
one group of muscles tends to counter 
balance the action of the other group and 
the parts are held m good anatomic posi 
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lion. This might be called a neutral zone 
(Figs. 567 and 568). 

The elevator croup of muscles is com- 
posed of the masseter, the temporal, and the 
internal pterygoid (Fig. 568). The masseter 
is a short, thick muscle and exerts a strong 
upward and outward pull on the ramus. The 
temporal muscle is a broad radiating mus- 
cle and exerts an upward and badcward 
pull. The internal pterygoid exerts an up- 
ward, inward, and fonv’ard pull tending to 
rotate the posterior fragment outward on 
its long axis. The external pterygoid, al- 
though not an elevator muscle, may act in 


curs at the angle of the mandible. Diminish- 
ing in order of frequency are those at the 
cuspid region, the bicuspid and molar re- 
gion, the neck of the condyle, the sigmoid 
notch, the symphysis, the main body of the 
ramus, and lastly, the coronoid process. The 
curvature of the bone, the angulation of 
the rami, and the thinning out of the proc- 
esses, are, in a great measure, responsible 
for this order. The various lines of fracture 
will be noted in the illustrations of reduc- 
tions reproduced below. 

When force is delivered on the exposed 
anterior portion of the jaw and is met with 




Fio. 568. {Left and Center) Neutral zone designated by broken line. (A) Internal 
pterj’goid, (B) temporal, (C) external pter>'goid, (D) mylohyoid, (E) anterior belly of 
digastric, (F) geniohyoid, (G) masseter. (After Gray.) 

Flo. 569. {Right) Showing minor displacement 


concert with this group, or independently, 
to produce displacement. It is a sWt, thick 
muscle and pulls the ramus forward and 
may rotate the head of the condyle in any 
direction except backward. The combined 
action of these muscles results in a power- 
ful upward, backward, and outward pull on 
the ramus, and when a fracture passes 
through the angle of the mandible the dis- 
placement of the posterior fragment may be 
extreme. 

Location of Fractures 

Although any part of the lower jaw is 
subject to complete fracture, certain regions 
sustain fracture with greater frequencj’ 
than others. This serves to establish an 
order of occurrence which may be outlined 
as follows. 

The highest percentage of fractures oc- 


tbe resistance of the semi-fixed condylar 
articulation at the upper extremity of the 
ramus, which completes the roughly out- 
lined triangle of the mandible, there is a 
tendency for the bone to buckle on itself, 
causing fracture through the angle. This 
region is not considered to be a weak point 
in the bone because of the heavy external 
and internal oblique ridges which reinforce 
it, but, nevertheless, this is where it will 
break when subjected to stress of this tjiJe. 
Because of the horseshoe shape of the body 
of the bone, fracture at this point occurs as 
the result of both direct and indirect vio- 
lence. 

In the cuspid region the body of the bone 
is in its most e.\posed position, has only a 
light protective covering of soft tissue, and 
is subject to the full force of frontal blows. 
The tene is sharply curved at this point 
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and when struck, tends to bend on itself 
and fracture The cuspid tooth having a 
long heavy root occupies considerable 
space in the bone and creates a point of 
weakness Most fractures through the 
cuspid region are oblique and pass back 
ward to the bicuspid region The mental 
foramen is just below and between the first 
and second bicuspid teeth and it is quite 
likely that this structure creates another 
weak point in the bone as does the inferior 
dental canal passing through its body 
In the bicuspid and first and second 
molar region the bone is flat and less promi 
nent but it will fracture along this area 
quite frequently It is not well protected 
by soft tissue and is exposed to the full 
force of lateral blows 
Fracture through the neck of the condyle 
is usually the result of indirect violence 
often associated w ith fracture through some 
other portion of the bone When the force 
exerted on the body of the bone exceeds the 
resistance of the semi fixed position of the 
head of the condyle in the glenoid fossa 
the break will occur through the neck of 
the condyle if the angle does not fracture 
The bone is comparatively thin and nar 
row here— an inherent weakness 
Fractures passing through the sigmoid 
notch are produced m similar fashion They 
extend obliquely backward and downward 
to the posterior border of the ramus often 
showing an overlapping displacement 
Fractures through the symphysis proper 
are not common The symphysis, as a fusion 
point IS more heavily calcified than the 
rest of the bone The fracture occurs to the 
right or left of the midline where the bone 
is more porous and extends obliquely awa> 
from It 

Vertical fractures through the mam sub 
stance of the ramus extending from the 
sigmoid notch downward to the angle are 
infrequent The bone is flat and protected 
with a heavj covering of muscles in this 
region, and onij violent lateral blows will 
produce a fracture of this type 


The coronoid process is rarely fractured 
and Its displacement will not disturb func 
tion It is sometimes associated with frac 
ture of the zygomatic arch in which case 
the resultant loss of function is caused by 
the depression of the arch interfering with 
temporomandibular function 

Significant Points in Examination 
AND Diagnosis 

The objective symptoms of swelling dis 
coloration, and deformity may be plainly 
visible, but such symptoms as loss of func 
lion, false points of motion crepitus and 
displacement will have to be demonstrated 
The subjective symptoms must always be 
regarded as important 

For example pam will be a guiding 
symptom in determining the site of the frac 
ture It may be present at the point of 
injury or at a point some distance away 
If severe it may indicate that the fracture 
crosses the path of the inferior dental nerve 
as It passes through the angle or through 
the body of the bone Any disturbance of 
this sensory nerve trunk by voluntary or 
involuntary movement of the parts will in 
crease the intensity of the pam and any 
unnecessary manipulation of the fragments 
in this case should be avoided Pam may 
accompany loss of function at the time of 
mjuiy but in the ordinary case will be 
the lesser of the two symptoms Inability 
to open and close the jaw properly and the 
induction of pain by any attempt to chew 
food will sometimes be the first signs of a 
bone injury This and any disturbance of 
the bite described by the patient should 
always be investigated 

Swelling at the point of injury is not a 
positive indication of fracture since the soft 
tissues may be bruised and inflamed with 
out injurj to the bone Swelling located at 
some distance from the point of injury 
however, particularly if ecchymosis is pres 
ent is a very different matter They are 
definite signs of fracture The swelling maj 
vao considerably Its extent is proportional 
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to the severity of the injurj’ to the soft 
tissues and the displacement of the bone 
fragments, and is increased by the presence 
of infection The swelling may obscure the 
true nature and extent of the bone injuiy, 
but is of great importance in deciding on 
the tj’pe of treatment indicated and on the 
role infection is apt to play 
Fracture without displacement and not 
subjected to muscle pull may cause ver\' 
little disturbance of function, any limita- 
tion being due chiefly to discomfort. In 
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tion, and to permit the intake of nourish- 
ment. 

AMien a false point of motion is present 
in the dental arch without displacement of 
the parts, it may be demonstrated by 
placing the forefinger of each band in the 
mouth on either side of the suspected point 
of separation while holding the thumbs 
under the lower border of the bodj* of the 
bone outside, and then cautiously moving 
the fragments Care must be taken not to 
exert immoderate force in cariying out this 



Fig. S70. Marked displacement in comminuted fracture, including depressed centra! 
fragment interfering with swallowing. 


badly displaced fractures of the body of 
the bone, especially in the bilateral and 
multiple tJTJe, the exercise of controlled 
motion of the jaw will be entirely absent, 
and even the act of swallowing ma> be 
extremely difficult. The depressor group of 
muscles controls the act of swallowing, and 
their forceful contraction during the act 
tends to increase the displacement of the 
fragments. Under such conditions, if the 
head is held in an upright position, it is 
equivalent to trying to swallow with the 
mouth open. \Mien this difficulty is present 
the prone position, face down or turned to 
the side, is indicated to offset increased 
displacement, to give freedom of respira- 


examination, because a too vigorous or en- 
thusiastic manipulation mav bring about an 
undesirable displacement and cause unnec- 
essary pain 

DtSPLVCEMENT 

Displacement may range from a minor 
separation of the fragments, causing only 
a mild disturbance of the bite (Fig. 569), 
to an extreme distortion of the parts, re- 
sulting in complete loss of function, inabil- 
ity to swallow, and difficulty in breathing 
and may be associated with laceration of 
the soft tissues, hemorrhage, and loss of 
bony structure (Fig. 570) 

Once displaced, the jaw will cease to 
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function as a unit and the separated frag 
raents will be subjected to the divided con 
trol of the muscles to uhich they give 
attachment The contraction of these mus 
cles will tend to maintain the initial dis 
placement and if the direction of the 
fracture line permits will actually cause 
increased separation through voluntary and 
involuntary movements of the mandible 
Fracture through the body of the bone 
will show increased displacement as the 
location of the fracture passes backward 
from the midline through the molar region 


rather than by muscle pull (Fig 572) Far 
ther back at the angle the fracture passes 
beyond the range of influence of the de 
pressor group of muscles and enters that 
of the elevator group There appears to be 
a neutral zone between these two groups of 
muscles In this site the counter balancing 
action of the muscle groups will maintain 
good anatomic position even though the 
direction of the fracture line may favor 
displacement provided that the original 
violence has not caused a marked displace 
ment (Fig 573) Under these circum 



Fig 571 {Lejt) Fracture through bicuspid region with downward displacement of 
anterior fragment Compare with Fig 572 

Fig 572 (Right) Fracture through molar region with increase in degree of displacement 
of antenor fragment as compared with Fig 571 


The larger or anterior fragment having a 
greater area of depressor muscle attach 
ment on its inner surface will be subjected 
to a stronger muscular force than the 
smaller or posterior fragment Consequenllj 
the anterior fragment will be pulled down 
ward and inward while the posterior frag 
ment will remain m normal positron under 
the control of the elevator muscles on that 
side, particularly if the teeth are present 
(Fig 571) 

In fractures through the molar region »f 
the posterior fragment is displaced inwardly 
it IS usually due to the original violence 
and the fragment will be held out of posi 
tion by overlapping of the anterior fragment 


stances the extraction of a tooth in the 
line of fracture is advisable to forestall the 
development of infection but only when it 
IS certain that the posterior fragment will 
not be disturbed by its removal and when 
It IS apparent that the tooth will not be a 
vital factor m the scheme of reduction and 
fixation 

Back of this neutral point the displace 
ment is very likely to become more com 
plicated The elevator muscles having at 
tachment over a major portion of the 
surface of the ramus exert an extremely 
powerful force on the posterior fragment 
pulling it upward outward and fonvard 
(Fig 574) Displacement of this tjpe may 
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be immediate or progressive, and can be 
extreme. Bony contact may be lost entirely, 
or overriding sufficient to prevent proper 
union may exist (Fig. 575). In such cases 
the presence of a molar tooth in the pos- 
terior fragment will be of inestimable value. 
It is a natural means of fixation when the 
fracture is reduced, and the best one. WTien 
it will sen.'e this useful purpose it should 
never be extracted, regardless of the fact 
that it may be loose and painful, and even 
show fracture of the root or be in the line 
of fracture and constitute a potential fac- 
tor in the development of infection. WTien 
there is no tooth in the posterior fragment, 
or if the tooth has been mistakenly re- 
moved, it is said to be out of control, a 
condition that may lead to difficulty in 
reduction and fi.xation. 

^\^len it seems possible that the displace- 
ment may be progressive, all circumstances 
favoring this condition should be very care- 
fully regarded, and all possible precautions 
taken to prevent its occurrence. 

When abscess formation occurs, early in- 
cision for drainage, either externally or in 
the mouth, should be resorted to, both to 
control the infection and to prevent bone 
destruction. It is this breaking down of bone 
that destroys contact along the fracture line 
and allows the posterior fragment to be 
pulled out of position. 

Vertical fracture through the main sub- 
stance of the ramus is usually splinted by 
the masseter muscle and will show only 
moderate displacement (Fig. 576), Frac- 
tures through the neck of the condyle 
and fractures passing obliquely backward 
through the sigmoid notch are under the 
control of the elevator muscles and also the 
external pterygoid. The latter muscle will 
rotate the head of the condyle, causing a 
displacement in any one of several direc- 
tions even to the point of dislocation, while 
the ele\-ators ^\ill pull the ramus upward 
to produce an overlapping (Fig, 577). 

Double and multiple fractures, both uni- 
lateral and bilateral, present a somewhat 


graver problem. The depressor and elevator 
groups of muscles, pulling in opposite di- 
rections, have an opportunity to exert a 
pull on three or more separate fragments 
Fracture through the angle on one side and 
through the cuspid region on the other will 
result in the ramus being pulled upward 
by the elevators and in the anterior frag- 
ment being pulled downward by the de- 



J 

Fic. 573. Showing fracture with no 
displacement due to location of fracture 
in neutral zone with counterbalancing 
muscle action. 

pressors. This is the t>pe of bilateral frac- 
ture most frequently seen. If a sufficient 
number of teeth are in place the reduction 
and fixation should not be particularly dif- 
ficult. 

A more serious problem is found in bi- 
lateral fractures through the angle (Fig. 
578). Here both sets of elevators and both 
sets of depressors are in action, and the 
upward displacement of the rami may be 
marked. In bilateral fractures through the 
body of the bone in the bicuspid and molar 
region, the anterior fragment will collapse 
downward and backward. There may be 
some overlapping of the free ends of the 
bone, but only depressor muscle pull has to 
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be overcome (Fig 579) However, when tures and the displacements to be overcome 
this type of fracture is accompanied by Both right and left lateral and postero 
fracture through the rami, the added dis anterior plates should be taken as a routine 
placement of the intermediate and posterior procedure and these supplemented by local 
fragments, together with the collapsed an ized ‘ shots’ when indicated They should 
tenor fragment, greatly complicates the demonstrate existing displacements, mdi 
case Complete fixation may be extremely eating the direction of muscle pull to be 
difficult to obtain (Fig S80) It may be overcome , they should disclose the position 
necessary to resort to some method of de of teeth and fractured roots involved In the 
layed reduction Fracture through the neck line of fracture, determining their relative 
of the condyle on both sides with an over value for retention close scrutiny will often 
lapping displacement causes definite func determine the approximate occlusal rela 



Fig 574 {Lejt) Angle fracture showing upward and forward displacement of pos 
tenw ftagmewt 

Fic 575 (.Right) Showing forward and upward displacement of posterior fragment m 
fracture through angle It was also outwardly displaced There is overriding 

tional disturbance The rami are pulled up tionship of the teeth, a very useful factor 

ward by the elevator muscles, causing the in securing proper fixation In short, they 

back teeth to strike prematurely and pro should not be regarded merely as adjuncts 

ducing an opening of the bite in front In in arriving at a diagnosis, but should be 
order to restore function, the teeth must considered important assets in directing the 
bt brought \wto occluswu arvd fixed iw this wirwiagewiewt of the case and very useful 
position to close the bite in front regardless guides m directing the forces used irt re 
of whether or not either of the displaced duction and fixation The most satisfactory 
condylar heads has been completely re- x rays are obtained b> taking the pictures 
duced with the jaw and head in a relaxed position 

and as close to the normal midline position 
X-RAY Exaaiination ag tlie avoidance of supenmposition will 

The value of x ray plates lies in the fact allow (The excellent discussion of path 
that they serve not only to support and ology and diagnosis here presented by the 

confirm the clinical diagnosis, but to aug author is included because knowledge of the 

ment these findings by revealing the direc points covered is essential to the planning 

tion and extent of the fracture, and by and carrying out of intelligent treatment 
accurately determining the number of frac- —Ed ] 
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Reduction and Fixation 
The mandible, being an irregular bone 
with particular anatomic relationships and 
articulations, requires special means of 
treatment when fractured. Nevertheless, it 
must be borne in mind that the funda- 
mental principles governing the treatment 



Fig. 576. Due to splinting action of 
muscles on vertical fracture through 
ramus there was little original displace* 
ment. Wiring b for fixation purposes. 

of fractures in general apply in the manage- 
ment of fractures of the mandible, and the 
so-called special methods found necessary 
must be so arranged or modified that the 
treatment will conform with these under- 
Ijing principles. For example, early reduc- 
tion of a fracture is of basic importance and 
should be accomplished whenever possible. 
Some difficulty may be found, however, in 
carrying out this principle to the letter in 
jaw fractures, but in modern hospital prac- 
tice it should be possible to see the majority 
of cases early, have the proper equipment 
at hand and, by selecting a comparatively 
simple method of fixation, to take advan- 
tage of the favorable local reaction pre- 
sented in the tissues at this time, provided, 
of course, that there are no general sjunp- 
toms of a serious nature present to contra- 
indicate local treatment. It is well known 
that immediately following an injury result- 
ing in fracture the soft tissues involved will 
be relaxed and there will be a definite 


numbing sensation in the injured area. The 
tissues are in a state of localized shock. 
This condition will last for several hours 
and during this period the reduction may 



Fic. S77. Bilateral fracture through 
necks of condyles, showing rotation dis- 
placement and dislocation of both heads. 
{Top) Anteroposterior view. {Bottom) 
Lateral view. 

be relatively easy, even though the frag- 
ments are badly displaced. The parts will 
be freely movable; it will l>e possible to 
manipulate them with little effort and to 
replace them in normal position without 
much discomfiture to the patient. 
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This IS the optiraum time to institute 
active treatment Not only is the operation 
simplified for all concerned but the rqiair 
of the lesion will be more rapid In frac 
tures compounded into the mouth the IiLeli 
hood of infection will be lessened since by 
bringing the freshly broken ends of the bone 
together shortly after the injury the fluids 
from the mouth will be walled off and there 
will be little opportunity for a well organ 
ized blood clot impregnated with mouth 
bacteria to form between the free ends of 
the bone to carry infection throughout the 
fracture line In comminuted fractures the 



Fic 578 Bilateral angle fracture 
showing deformity due to upward ds 
placement of rami 


separated fragments are better protected by 
early reduction retain a greater degree of 
vitality and have less tendency to seques 
trate At no other time during the course 
of a fracture will a similar condition be 
presented Deliberate delay should be scnip 
ulously avoided it will only lead to com 
plications and will mcrea'e the difficult> 
of all future operations [This point of view 


IS to be strongly recommended The general 
principles underlying all fracture treatment 
are as applicable to jaw fractures as they 
are to long bone fractures One of the diffi 
culties with the adequate handling of jaw 
fractures has been that this fact has not 
been recognized See Chapter 22 for a com 
plete discussion of the general principles 
underlying fracture treatment —Ed ] 

As the primary shock of injury subsides 
sensation returns to the parts a more or 
less active inflammatory reaction sets in 
and muscle spasm develops This spasm 
may be very manifest in the mandible be 
cause even the involuntary movements of 
the jaw in the vital acts of breathing and 
swallowing will cause increased pain which 
in turn will produce greater muscular con 
traction These symptoms become more pro 
nounced as time passes and the reduction 
meeting with the resistance of the rigid 
contraction of the muscles attached to the 
bone will be increasingly difficult If several 
days are allowed to elapse following the 
injury it may be found that complete re 
duct on m a single operation is not pos 
sible and delayed reduction will have to be 
attempted thus prolonging the course of 
treatment 

Unfortunately delay cannot be always 
avoided General symptoms of a critical 
nature such as skull fractures extreme 
shock severe hemorrhage and other in 
juries of a vital character may be present 
demanding first and immediate treatment 
Under such circumstances the treatment of 
the jaw fractures will have to be postponed 
until the general condition of the patient 
has improved to a point where there will 
no longer be any risk in undertaking local 
treatment 

Acute local symptoms alone however 
should not interfere with the early care of 
the jaw Lacerations of the soft tissues 
large swellings inflammation and edema 
and hemorrhage are not contraindications 
to reduction Traumatic swellings usually 
subside quite rapidly following the reduc 
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tion of the fracture and ordinary hemor- 
rhage is arrested by pressure and by re- 
placing the bony fragments in proper posi- 
tion, Lacerations of the face, the mucous 
membrane of the mouth, the gum tissue, 
and the tongue should be thorou^ly 
cleansed with saline or boric acid, painted 
with iodine, and sutured. Wounds of 
moderate size may be completely closed. 
Extensive external wounds, deep wounds 
exposing the underlying structures, through- 
and-through wounds communicating with 


truly accurate pictures will be very difficult 
to secure in the early stages. Normal posi- 
tions of the head cannot be assumed by 
the patient and unavoidable superimposi- 
tion wili cloud the readings and tend to be 
misleading. In this circumstance the clinical 
signs and sjTnptoms must be greatly relied 
upon to obtain the necessary data. 

It might be well to point out once again 
that these clinical findings should be sought 
with as little disturbance to the parts as 
possible to avoid increased pain and dis- 



Fig. S79. {Lejt) Showing downward and backward collapse of anterior fragment in 
bilateral fractures through body of bone. 

Fig. S80. (Right) Showing effect of complicating ramus fracture with bilateral fractures 
through body of bone. 


the mouth, and large ragged wounds should 
be only partly sutured and some means of 
drainage established, [See remarks on 
chemotherapy below. — Ed.] 

Ever>’ effort should be made to conserve 
tissue and care should be taken to control 
infection and prevent the breaking down 
and loss of tissue structure. Rubber tubes, 
rubber tissue, and iodoform gauze drains 
^\ill answer this purpose very well. 

After the soft tissues have been cared 
for, attention can be centered on the treat- 
ment of the injuries to the bony structures, 
and full knowledge of the nature and ex- 
tent of these injuries should be gained 
before attempting the final reduction. Ordi- 
narily, x-rays will be helpful, but in cases 
of severe injuries to the head, jaw, and face 


placement, and also to cite briefly the out- 
line of the examination. The contour of the 
face is observed to note any structural 
deformity and the outline of the bone is 
palpated on both sides from the condyle to 
the symphj’sis to locate possible points of 
fracture. A bulging of the tissues over the 
temporomandibular joint with pain on local 
pressure and on movement of the jaw are 
indications of fracture through the neck of 
the condyle or the sigmoid notch. If crepitus 
is detected, the diagnosis is positive. Dis- 
placement at the angle may also be felt 
from the outside but must be confirmed by 
intra-oral e.xamination. 

The dental arch must be inspected for 
loose and displaced teeth and manipulated 
for false points of motion by light finger 
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pressure In marked deformities of the arch 
a visual survey will suffice (Fig 581) ma 
nipulation will be needed only to learn the 
extent and direction of the fracture Teeth 
in the line of fracture that will prove serv 
iceable m holding the parts in place should 
be saved regardless of the fact that they 
may become devitalized and act as a direct 
contributing cause of infection and abscess 
formation later (Fig 582) Loose teeth 
having no value in the management of the 
fracture should be removed (Fig 583) The 



Fig 581 Visual evidence o( disturbance 
of dental arch 


position of the teeth and the absence of 
teeth on both sides of the fracture line must 
be carefully noted together with the posi 
tion of the teeth in the upper jaw The 
occlusal relationship of the teeth must be 
studied when the ja«s are closed together 
in unreduced position because in this way 
the malocclusion produced by the fracture 
will be clearly demonstrated and will show 
to what extent and direction the parts must 
be moved to restore the occlusion and re 
duce the fracture 

Anestuesiv 

All fractures of the mandible will not 
require an anesthetic for reduction and fixa 
tion Afanj showing only moderate dis- 
placement or parsing through the lightly 


innervated processes of the bone can be 
reduced without much effort and the opera 
tion will not be a painful one In fractures 
showing marked displacement and requir 
ing considerable manipulation howev er 
and in those having a nerve trunk involve 
ment the pam factor will become a major 
problem particularly after the numbing 
effect of the injury leaves the parts and 
it will be necessary to use some type of 
anesthesia to insure the accuracy of the 
reduction and the completeness of the fixa 
tion ^^^5en the fracture pas'es through the 
angle or the body of the bone and crosses 
the path of the inferior dental nerve which 
traverses the deep substance of the bone 
from the middle of the ramus to the mental 
foramen the pain is likely to be very severe 
This «ensory nene is subjected to irnta 
tion and trauma from the sharp edges of 
the displaced fragments and when the parts 
are moved about in an attempted reduction 
the pam will increase in intensity and pro 
duce an exaggerated muscle pull on the jaw 
This will add to the difficulty of the re 
duction and should the pain become ex 
quisite It will also arouse on the part of 
the patient a defensive resistance that will 
interfere with the operation and place the 
result in doubt Regardless of this attempts 
have been made to reduce this type of frac 
ture without an anesthetic apparently for 
two unfounded reasons one because the 
mouth cannot be opened widely enough for 
the administration of a local anesthetic 
which IS not true and the other becau«e a 
general anesthetic supposedly is not indi 
cated when the jaws are to be wired tightly 
together 

Local Anesthesia Local or general anes 
tbesia may be employ ed but in the majority 
of cases a local anesthetic will be preferable 
because the patient will need no special 
preparation the anesthetic can be quickly 
and easily administered and it will be rea 
sonably effective for fairly long periods of 
time A! o with the local relief of pam 
there will be a noticeable degree of muscle 
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relaxation, allowing freer movement of the 
parts, which will aid materially in their cor- 
rect replacement. And, furthermore, the 
patient can be placed in any desired posi- 
tion, either prone, upright, or even bending 
forward, to facilitate the reduction. This is 
ver)' important to consider in overcoming 


the sigmoid notch in an upward and back- 
ward direction to the foramen ovale. The 
former, or intra-oral method, because of its 
ease and accuracy of introduction, is prefer- 
able whenever the mouth can be opened 
sufficiently wide to inject the anesthetic, 
while the external injection is often limited 




Fig. S82. Showing tooth in fracture line presenred because of value in fixation (left)) 
and exation secured This tooth, after fulfiUing Its prjmar>- purpose m fixation, 

was subsequently extracted. 




Fig. 583. Showing loose and fractured tooth in line of fracture (fc/t). Not essential for 
fixation. Removed. Fixation secured after removal \Ttgnt). 


muscle pull. A 1 to 2 per cent novocaine 
solution with an adrenalin content of 1 in 
3,000 will be verj' satisfactory for nerx’e 
block and infiltration anesthesia. The In- 
ferior dental nerve may be blocked in the 
mouth at the inferior dental foramen on the 
inner surface of the ramus or externally 
through the skin at a point under the zj’go- 
maiic arch to allow the needle to pass 
through the middle of the space formed bj’ 


because extensive swelling and edema and 
distortion of the parts will disguise the 
landmarks. A no%ocaine infiltration of the 
soft tissues around the fracture line will 
complete the anesthesia. Block anesthesia is 
effective for an hour or more, and can be 
repeated if necessary. The patient is con- 
scious, the reflexes are under control, and 
the after-effects are negligible. 

General Anesthesia. General anesthesia, 
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on the other hand has certain limitations 
because of the difficulties encountered in its 
use in jaw fractures The prone position of 
the patient the forceful elevation of the 
chin and the labored breathing of lost re 
flexes will form a perfect combination to 
increase the depressor muscle pull on the 
jaw and m fractures showing marked 
downward and backward displacement of 
the anterior fragment the reduction will be 
decidedly more difficult to accomplish and 
Its accuracy sometimes questionable Never 
theless in multiple fractures with extreme 
displacement requiring a truly forceful re 


sible after effects of shallow breathing or 
lowered respiratory stimulus will definitely 
contraindicate its use in intermaxillary 
fixation 

Nitrous oxide oxj gen ether anesthesia 
with intranasal tubes will be the most effi 
cient and safest type of general anesthetic 
to employ The field of operation will be 
clear and the depth of narcosis can be regu 
lated to conform with the postreduction re 
straint imposed upon the jaw A suture 
should be passed through the tip of the 
tongue and then carried out of the mouth 
between the teeth after the jaws have been 



duction or a prolonged manipulation that 
may result m more or less shock to the 
patient a general anesthetic will be indi 
cated and the one of choice will be inhala 
tion anesthesia It will be preferable to 
intravenous or rectal anesthesia because the 
anesthesia produced by the intravenous in 
jection of a 5 per cent pentothal sodium 
solution IS of relatively short duration may 
necessitate the injection of an antidote and 
if supplemented with oxygen may inlet 
fere with the jaw operation, while aAerfin 
(tribromethanol) in rectal anesthesia is not 
only limited in dosage but may have to be 
supplemented with nitrous oxide and 
gen or ether Obviously this should place it 
under secondary consideration and the pos 
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wired together to prevent the tongue from 
falling back into the throat to block off the 
air passages If the tongue is very large 
this may happen anyhow regardless of the 
tongue suture and as a precautionary meas 
ure It IS always well to allow the nasal tubes 
to remain in place until the patient recovers 
consciousness and to keep them at hand 
for emergency insertion during the first 
natural sleep Otherwise it may be neces 
sarj to cut the wires to relieve i sudden 
respiratory embarrassment 

Bandages 

Several types of jaw and head bandages 
have been designed to support the jaw and 
exert traction in the treatment of fractures 
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Of these the Barton and the modified Bar- 
ton, using three-inch gauze roller bandages, 
are the most useful, the former being more 
stable because of the head wrapping (Fig. 
584). They will e.'?ert traction in two direc- 
tions, upward and backward, in the degree 
desired, and, when properly applied and 
properly reinforced with adhesive tape, 
often will maintain sufficient support to 
prevent increased displacement of the frag- 
ments until a more permanent means of 
fi.^ation can be accomplished. 

Four-tailed Bandage (Fig. 585). This 
bandage is verj* effective as an emergency 
measure. It is easily applied over the top 
and back of the head, and like the Barton 
exerts tracfion in two directions, but not 
with the same amount of control. Any strip 
of muslin or linen about one yard long and 
four inches wide will ansvicr the purpose. 
It is slit down its length from each end 
toward the center learing a section three to 
four inches wide which forms a cup for 
the chin. 

Figure-of-eight, Cravat, and Square or 
Gibson Bandages. These bandages have 
ver>' little to recommend them except as 
quick emergency measures. They do not 
give adequate support to the jaw and are 
not very secure. 

The Barton or square bandage supple- 
mented by rubber-band attachments on the 
sides will maintain a more forceful upward 
pull. Care should be taken not to exert too 
much pressure since overlapping of the 
fragments may occur imless the fragments 
are in complete apposition. The bands are 
attached by safety pins to the vertical limbs 
of the bandage over cardboard reinforce- 
ments from the temporal regions to the 
region of the upper part of the angles of 
the jaw. Tension should be e.xerted only 
sufficient to keep the bandage snug. This 
is important since, in the early stage, too 
much pressure by bandage will cause in- 
creased pressure and edema. This procedure 
is of \'alue in selected cases where other 
fixation is precluded because of missing 
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teeth and in cases where circumferential 
wiring is not practicable. 

In the early treatment of fractures any 
of these bandages can be used to good ad- 
\antage in supporting the displaced parts, 
controlling hemorrhage, aiding rital func- 
tions, and relieving discomfort. It will limit 
the free movement of the jaw and keep it 
at some degree of rest, but it should not be 
considered as an adequate method of fixa- 
tion. It is, in reality, only a temporary 
means of support or may be used as an 
auxiliary' measure to relieve muscle strain. 
A bandage is by no means strong enough, 
nor stable enough, to completely counteract 
muscle pull or prevent displacement of the 
parts If it is applied too tightly in an effort 
to accomplish this, it will very likely cause 
too much pressure for comfort or exert 
pressure in the ^Tong direction. \Mien car- 
ried around the front of the chin too tightly 
and hearily reinforced with long strips of 
adhesive tape, Jt may ser\'e only to displace 
the fragments or produce an increased over- 
riding of the parts. Furthermore, too tight 
a bandage will act as a direct irritating fac- 
tor causing, through pressure on the soft 
tissues and pressure of the soft tissues 
against sharp edges of fractured bone, not 
only considerable discomfort to the patient, 
but also increased circulatory stagnation, 
marked inflammatory’ reaction, and rapid 
breaking-down of tissue which, when asso- 
ciated with a compounding ot the fracture 
as so frequently occurs in the jaw, will de- 
\elop quite promptly into abscess forma- 
tion. 

Only in selected cases will a bandage 
suffice to hold the jaw in place. This may 
be obsersed in fractures showing no initial 
displacement or so located along the jaw 
that the equalized action of the depressor 
and elevator muscle groups will prevent a 
separation of the parts on movement of the 
jaw. Abo, in certain tj-pes of fractures of 
the mandible in edentulous cases, v. here the 
patient’s artificial dentures are used as 
splints instead of some method of wiring, 



a bandage may provide sufficient additional 
support Even m such instances the band 
age, although the only means of mechanical 
support, is not the basic means of fiaation 
In reality the muscles perform this fimc- 
tion Properly balanced muscle pull will 
keep the parts in good anatomic position 
and in such cases it may be said that the 
fracture is ‘ splinted by the muscles ’ 

Methods of Fixation 
When the fundamental principles of ac 
curate reduction, the furthering of rapid 
repair, and control of infection are applied 
to fractures of the mandible it will be found 
that there are three basic methods of fixa- 
tion that may be employed to hold the jaw 
in place after the fracture has been reduced 
These are (1) the use of wires, (2) the ap 
plication of splints and (3) the use of 
elastic band traction itlany refinements 
modifications and combinations of these 
basic methods have been introduced to con- 
trol the various types of fractures that 
occur, and when these variations are at 
tempted with a reasonable amount of judg 
ment they will be of definite benefit id 
certain particular cases However, when 
carried to the extreme they will tend only 
to complicate the case and possibly retard 
repair For example in the use of w-ires for 
fixation strength in either the wires or the 
design of application should not be sacn 
ficed for any minor purpose whatsoever, 
such as opening the jaws for frequent in 
spection If the wires do not have suffiaent 
strength they will loosen and permit of too 
much freedom of motion which may inter- 
fere with the healing process When splints 
are employed the maintaining of the accu- 
racy of reduction should not be jeopardized 
just to maintain a certain degree of function 
while repair is taking place 
As a general rule the best poli<y to pursue 
is to select the simplest possible method of 
fixation that will serve to promote the de 
sired end The exigencies of the case, of 
course will have a bearing on this selection. 


and the influence of certain important fac 
tors— the element of time, the general con 
ditioD of the patient, and restraint of func 
tion — must be carefully considered All 
cases are not treated alike, and no one 
method of fixation should be favored as a 
routine to the exclusion of another Each 
one has its particular merits that should 
be applied to the particular case But even 
with this m mind it will be found m routine 
practice that some type of wiring, particu 
larly intermaxillary wiring will be used to 
a much greater extent and to better advan 
tage than the other methods of splinting 
or elastic traction It will be more effective 
than the others in many respects because 
It IS a simpler procedure, it is usually more 
accurate, and it will save valuable time 
Wiring will permit of immediate reduction 
and fixation when the case is first seen or 
shortly thereafter, which is a distinct ad 
vantage, for the early control of the case 
IS often a deciding factor in escaping infec 
lion and promoting rapid repair Moreover, 
the difficulty of taking dental impressions 
for splints when the mouth cannot be 
opened properly will not be encountered, 
and the disturbance of the parts likely to 
occur and lead to inaccuracy when this is 
forcefully attempted, together with the loss 
of time required for the construction of the 
splint Itself will be avoided The method 
of elastic traction which allows for a cer 
tarn amount of movement of the parts and 
which IS usually employed in delayed re 
ductions, will not achieve the rigid position 
so eagerly sought in early and complete 
fixation 

The chief disadvantage of intermaxillary 
wiring IS found in the restraint imposed 
upon the patient This is of minor con 
sideration in the early stages, but m pro 
longed cases it must be discontinued or 
supplemented with some other type of fix 
ation The dental splint will have the ad 
vantage of permitting of a certain degree of 
function during the repair of the fracture 
and can be kept m place for long periods 
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of time. It is limited, however, to fractures 
of the body of the bone and also to frac- 
tures with teeth on both sides of the frac- 
ture line. Intermaxillarj’ splints have no 
particular value except in special cases. 
They necessarily impose the same restraint 
as intermaxillary wires or will have to de- 
pend upon the support of a bandage to hold 
the parts in place. 

Intermaxillary Wiring. By this method 
the fracture is reduced and the jaws held 
together in fixed position one against the 
other by means of wiring the teeth together. 
It is known as the Gilmer method and with 
only a few minor modifications it has re- 
mained unchanged since it was first intro- 
duced. The presence of the teeth and their 
unique value as a means of anchorage is 
fully appreciated and utilized. The Immov- 
able upper jaw is used as a base against 
which the movable lower jaw is splinted 
and held immobilized. The occlusion of the 
teeth, which acts as a major guide in the 
reduction of the fracture, is clearly visible 
to determine the accuracy of position not 
only during the operation but also through 
the course of treatment. 

The first step to be taken in this method 
is the selection of the proper teeth to be 
wired. This is important because upon it 
will depend the accuracj' of the reduction. 
A study of both the clinical and x-ray find- 
ings of the case including principally the 
location of the fracture, the number of 
fractures, the amount of displacement and 
direction of displacement of the fragments, 
will be necessarj’. The degree of muscle pull 
should be carefully estimated and the di- 
rection of the force necessary' to overcome 
it closely calculated. The choice is not 
always a free and easy one to make. The 
loss of teeth from the dental arches, either 
previous to or resulting from the injury, will 
create some difficulty in selecting the teeth. 
Scattered teeth, malapposed teeth, and dis- 
eased teeth may present quite a problem. 
The pleasant picture of a full complement 
of evenly placed teeth so frequently used for 


theoretical demonstration is by no means 
an habitual occurrence in clinical practice 
to help simplify the selection of teeth and 
aid in accommodating the many refinements 
suggested for wiring. 

In selecting the teeth it would be well to 
first bring the Jaws together in the displaced 
position to show the extent of the malocclu- 
sion and the displacement of the parts. An 
estimate can then be made of how inten- 
sively and in which direction the traction 
must be applied to restore the parts to nor- 
mal anatomic position. MTien this is deter- 
mined the fracture is reduced as completely 
as possible. The accuracy of the reduction 
will be aided by the position of certain teeth 
in each arch which will act as very useful 
guides in restoring the natural occlusion. 

The cuspid teeth, for e-xample, will pro- 
vide excellent landmarks in this respect. 
They are relatively stable in position, not 
subject to driit, and when bought into 
proper occlusion the direction of the trac- 
tion required to counteract muscle pull and 
bring the separated parts into apposition 
can be more accurately estimated and ap- 
plied. The teeth of next importance in this 
regard nill be the bicuspids. They lock into 
occlusion quite accurately but allowance 
must be made for occasional malposition. 

The molars, although they are large and 
useful teeth, are less reliable because they 
are always subject to drift when adjoining 
teeth are missing. The incisors will be very 
helpful in determining the median line and 
the abrasive near of the teeth will be a 
\-erj' useful guide in fitting the teeth to- 
gether. WTien the natural occlusion of the 
teeth has been restored the jaws should be 
held together by pressure under the lower 
border of the mandible and the suitable 
teeth are selected for wiring. 

Single teeth or tuo adjoining teeth may 
chosen to carr>’ the individual wires. On 
occasion more than two adjoining teeth may 
be used. WTien adjoim'ng teeth are selected 
the wire is passed around them in a single 
loop, or in a figure of eight to obtain greater 



FRACTURES OF JAWS 


722 

stability, particularly if the teeth are not 
bell-shaped A specific notation of the teeth 
selected should be made before the wiring 
IS started so as to avoid repeated reductions 
during the process of the wiring, as it is 
not always possible to keep the exact teeth 
in mind while the individual wires are being 
attached with the mouth open and the jaw 
returned to its distorted condition As a 
general rule the wires are fastened to teeth 



Fro 586 Instruments for intermaxil 
lary wiring (A) Wire forceps (hemostat 
may be usedV fB) thumb forceps with 
out teeth, (C) wire scissors, (D) cheek 
retractor, (E) single arch bar, (F) 
Angle s brass ligature wire 

as close to the line of fracture as possible, 
but this IS subject to modification to comply 
with the requirements of traction against 
muscle pull or to avoid disturbance of dis- 
eased or weak teeth 

In fractures showing downward and 
backward displacement of the antenor frag- 
ment caused by the depressor muscle, the 
wires will usually pass around (he cuspid 
and the first bicuspid m the lower jaw and 
around the cuspid and lateral m the upper 
jaw to obtain upward and forward traction 
to counteract the muscle pull In cases of 
marked depressor displacement wires should 
be passed around the incisors to augment 
this and wires should be attached to the 


second bicuspids and molars to obtain full 
immobilization In fractures through the 
angle when the posterior fragment has been 
displaced upwardly the wires should be 
slanted in such fashion as to hold the frag- 
ments m forceful apposition 
The technic of intermaxillary wiring is 
not at all complicated and few instruments 
and materials are required (Fig 586) A 
pair of wire forceps or a heavy hemostat, a 
pair of wire cutting scissors, a pair of ser- 
rated thumb forceps, a cheek retractor, and 
the wires selected will be all that is neces- 
sary Brass wire is most commonly used 
and IS found to be very satisfactory It has 
sufficient tensile strength to be twisted 
tightly around the teeth and hold the jaws 
firmly wired together it is soft and pliant 
and can be attached to the teeth with less 
effort than other types of wires which have 
less flexibility Stainless steel and steel alloy 
wire IS used to some extent but it is not 
so easily workable as brass wire, nor is it 
so readily adjustable during the progress of 
the case Silver wire is not practical for this 
method , it breaks easily and when used in 
heavy gauges is too bulky 
Angle’s brass ligature wire Nos 23 and 24 
gauge in strips about 14 inches long is the 
most suitable Each length of wire can be 
doubled on itself to give added strength 
without losing any of its pliability The 
double wires are pinched tightly together 
to a point at the bend and smoothed along 
their length so that they can be easily 
passed between the teeth above the free 
margin of the gum and carried around the 
necks of the teeth selected for wiring in 
both the upper and lower jaws The free 
ends of the wires are allowed to protrude 
from the mouth and are cut off evenly at 
a length of about two and one half inches 
The fracture is again reduced, the teeth are 
brought into occlusion, and while the man 
dible IS held in reduced position by pressure 
under the lower border the wires in the 
upper and lower jaws are twisted tightly 
together to hold the jaws against each other 
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Fig. 587. [Left) Sbovring utitoUon of anterior teeth to keep bjte closed in front. 
Fig. 588. (Center) Intcrmatillarj' ttiring in absence of anterior teeth, showing bind- 
ing wire. 

Fro. 589 (Right) Intermaxillary wiring in absence of anterior teeth. 








Fig. 590. (Left) Fracture through last molar with fracture of root (Center) Tooth 
retained as aid in fi.xation with intermaxillary wiring. (Right) Extraction of fractured 
tooth after healing. 




Fig. 591. Fracture through site of impacted mobr with characteristic angle fracture 
dispbcement (left). Tooth retained because it does not, in this hold threat of infec- 
tion or deritalization. Note intermaxillary wiring (rishl). 
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in fixed position This is a rigid and com open the mouth by removing these connect 
plete fixation The wires are then cut off mg wires without disturbing the wires 
short allowing about one quarter inch of around the teeth Angle s brass ligature wire 
free end to be turned in and slanted against is used and \\hen the wires are doubled 
the tissue in a way to avoid irritation of the instead of bringing them tightly together 



Fio 592 Addition of soft rubber block before intermaxillary wiring to control posterior 
fragment in presence of edentulous posterior upper jaw {Left) Fracture with dis 
placement {Right) \\ired fracture with block (X) m place between molar of lower 
jaw and edentulous margin of upper jaw 



Fig 593 {Left) Intermaxillary wiring 

Fig 594 {Right) Intermaxillary wiring — Ivy loop method Verti 
cal wire is seen passing through loops from between teeth and lower 
jaw The two ends will be Iwsted together tightly cut short and 
turned in against teeth This has already been done with front teeth 
(See also Fig 595 ) 

lips and the cheeks hen this is properly at the bend a small loop is formed by twist 
done no protective covering of the wires mg the wire one or two turns Two adjoin 
will be necessary and the mouth can be mg teeth are selected and the free ends of 
kept clean with little difficulty (Figs 587, the wires passed around the necks of these 
58S 589 590 591 592 593) teeth iti such a fashion as to permit the 

Another type of intermaxillary wiring loops to extend outwardly from between the 
advocated by Ivy provides loops to which teeth When the fracture is reduced short 
short and connecting wires are attached It connecting wires are passed through these 
has the advantage of making U possible to loops to hold the upper and lower jaws 
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together. This method has certain limita- 
tions. It can be used only when adjoining 
teeth are present and it is not verj' prac- 
tical in cases of a close bite. A single thick- 
ness of wire is iised in this method and in 
cases of marked displacement and extreme 
muscle pull the single wire may not prove 
to be strong enough to hold the jaw in com- 
plete fixation (Figs. 594 and 595). 

A binding wire will be a very useful addi- 
tion in fractures showing a tendency' to dis- 
placement because of depressor muscle pull. 
The wire is passed across the fracture line 
and engaged on two or three teeth on each 
side of the fracture. After the jaws have 
been wired together this wire is tightened 
and the fragments held more firmly in ap- 
position. 

SiNCtE-ARCH Bars (Figs. 396 and 597). 
Mlien intermaxillarj' wiring is indicated be- 
cause the fracture or fractures may be lo- 
cated posterior to the last remaining tooth 
in the mouth, or the teeth are so scattered 
as to preclude direct wiring, a heavy* bar of 
half-round wire may be wired to the teeth 
to provide an attachment for the inter- 
maxillary wires. The bar must be strong 
and moderately stiff to resist the pull of tbe 
connecting wires. German silver Nos. 12 
to 14 gauges will prove to be quite prac- 
tical. Doubled brass wire is passed around 
the individual teeth and around the bar to 
hold it in place against the outer surfaces 
of the teeth. In multiple fractures that also 
involve the body of the bone this bar will 
act not only as a splint to control the an- 
terior fracture but also as a very effective 
adjunct to intermaxillary wiring. Its advan- 
tage is found in a lack of complete stability 
and the possibility of inaccuracy of the re- 
duction when the parts are badly displaced 
(Fig. 598). This may be overcome by using 
sectional bars or a combination of the 
single-arch bar and direct intermanllaty 
wires. In this manner the fragments may 
be controlled separately and held In position 
and a binding wire also added. 

In delayed reductions rubber bands may 


be attached to the bar to obtain the proper 
traction (Fig. 599), Several ty’pes of single- 
arch bars are available supplied with loops 



Fig. S9S {Top) Circumferential wir- 
ing. Left side shows loop method, right 
side shows direct method. 

Ftc. 596. (Bottom) Single-atch bat 
wired to lower teeth. 



Fig. 597. Single-arch bar wired to 
upper teeth to support intermaxillary’ 
wires. 


and hooks to which the connecting wires or 
rubber bands may be attached. Care should 
be taken in fitting these bars to the teeth to 



prevent the wire loops or hooks from im 
tating the lips and cheeks and also to avoid 
bending them so far from the gum mar gins 
as to offset the value of the connecting 
wires 

Another point of practical value may be 


No special preparation is required and there 
IS DO time lost in its construction Some 
times impressions are taken and a cast 
made upon which the bar is formed This 
is not a necessity the bar can be shaped to 
the dental arches directly in the mouth 



Fig 598 S ngle arch bars in upper and lower jaws to support intermaxillary wiring 
Note that reduction by this method is not completely accurate (Lejt) Fracture (Right) 
Reduction 



Fic 599 Gradual or delayed reduction by rubber band traction at 
tached through wire hooks about upper and lower teeth 


found in utilizing the wires used to fasten 
the bar in place against the teeth These 
wires are cut off short about one eighth of 
an inch or a little longer and turned toward 
the mucobuccal fold to form hooks TTiese 
hooks may be used as a base for the inter 
maxillary fixation together with the bar A 
very important advantage in the use of a 
bar is that it can be attached immediately 


Another striking advantage in the use of a 
bar IS found in severe injuries showing 
marked displacement of the fragments to 
gether with systemic complications such as 
shock concussion etc in which inter 
maxillary wiring is contraindicated In such 
instances the bar can be used as an emer 
gency splint to obtain temporary support 
even though the reduction is only partial 
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A bandage applied tightly enough to main- 
tain some degree of reduction in such cases 
may exert too much pressure and restraint 
and interfere \rith the normal functioirs of 
breathing and swalloming. WTjen the gen- 
eral condition of the patient has improved 
the bar may be discontinued and a more 
suitable means of fixation instituted. 

Splints. Theoretically, dental splints, 
particularly the so-called single-arch cap 
splints designed by Dr. Hullihen, probably 
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loss of bony structure that will regenerate 
slowly. 

Splints may be made of metal, \'ulcanite 
rubber, and the acrylic materials which 
have been lately introduced. Of these the 
metal splint is probably the best. German 
silver, or coin silver, either swaged or cast 
(the former preferred) will be strong, rela- 
tively small, thin, and clean. Unfortunately, 
the cap splint has a distressing limitation. 
It can be used only in fractures passing 




Fig. 600. {Top) Three tjpes of single-arch or cap splint. These are cemented to teeth 
Fig. 601. {Bottom) Single-arch or cap splints on casts from which they are made. 
Note grinding out of splint over occlusal surface to allow accurate contact of teeth of 
upper and lower jaws. 


constitute the ideal means of fixation of 
fractures of the mandible (Figs. 600, 601, 
602, 603). They not only hold the parts in 
place but at the same time permit of func- 
tion. The freedom of motion of the mandible 
is limited only by the inflammatory reac- 
tion and injury to the soft tissues. There 
is no mechanical restraint; the patient can 
take nourishment much better, being able 
actually to chew food; and he has much 
greater comfort. Furthermore, a splint of 
this t>pe can be kept in place for long 
periods of time, extending over several 
months when necessarj’, which is invalu- 
able in cases of prolonged infections and 


through the body of the bone and not 
through the ramus, and it also requires 
teeth on both sides of the fracture to obtain 
sufficient anchorage. 

A certain amount of lime will be occu- 
pied in the construction of splints. First, 
impressions of both the upper and lower 
teeth and the jaws must be taken. This may 
be done in modeling compound which has 
been improved quite recentlj’ to insure ac- 
curacj’, but it must be remembered that 
this exactness may be greatlj’ hindered by 
the displacement of the parts. From these 
impressions plaster casts or stone models 
are made, and any defect portrayed on the 
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lower arch caused by the fracture must be 
corrected This is accomplished by cuttmg 
the cast through the fracture line and fitting 
the separated parts into normal occlusion 
with the teeth m the upper arch If the 
splint is to be swaged a die and counter 
die must be made If it is to be cast a wax 
pattern must be formed and the cast baked 
All this takes time and with the many 
operations involved a certa n degree of in 
accuracy may develop to affect the end 
result not in respect to the bone repair 
so much as to the disturbance of function 
engendered in a change m the occlusion of 



Fio 602 Single arch or cap splint 
cemented in place 


the teeth If this latter is of moderate char 
acter it can be improved by spot grinding 
the teeth to obtain an even bite 
When the splint is completed it is fitted 
to the dental arch after the fracture has been 
reduced and kept m permanent posidott 6y 
cementing it m place The occlusal surface 
of the splint should be ground through at 
interrupted interials to expose the biting 
surfaces of the teeth which will act as a 
guide m determining the natural occlusion 
The splint should be earned down at least 
to or slightly over the gum margin A 
sketchy splint simply forming a narrow 
band along the teeth will not prove to be 
very stable particularly if the anchorage 
on one side of the fracture chances to be 
weak 


Vulcanite splints constructed in a come 
what similar fashion will require consider 
able bulk to insure sufficient strength The 
bite cannot be as easily regulated and occa 
sionally they are more difficult to remove 
when the case is completed 

Acrylic splints are bulky m comparison 
to metal splints but are supposed to have a 
special advantage and that a doubtful one 
over both metal and vulcanite spl nts The 
acrylic material is transparent and the posi 
tion of the teeth under the splint can be 
clearly seen However the cplmt is not 
adjustable and any defect in the arch that 
may be noticed through this transparent 
material can be corrected only by the con 
struction of a new spl nt This is of little 
practical value since in the use of metal 
splints faulty position may be studied by 
means of x ray and similarly corrected 

The intermaxillary splint also known as 
the Gunning splint (Fig 604) is designed 
to hold the jaws together m a manner 
somewhat similar to intermaxillary wiring 
Ordinarily it has no particular advantage 
over the latter but it is usually indicated 
m cases where a sufficient number of teeth 
are not available for direct wiring Covering 
both dental arches and jaws and connect 
ing the splints solidly together creates quite 
a bulky mass in the mouth and considerable 
difficulty IS found in the intake of nourish 
ment To overcome this the bite is opened 
in front and a space maintained through 
which food IS passed This feature may tend 
to tilt the fragments and dtsturb the bete 
Besides its anchorage is not secure and a 
bandage must be relied upon to keep it in 
place Only in selected cases will it have 
any particular merit Cases showing marked 
displacement are not suitable for the use 
of this splint 

When sufficient teeth are available sep 
arate interdental splints may sometimes be 
used These splints should be provided with 
hooks along the sides to which mtermaxil 
lary wires are attached The splints in 
reality double arch cap splints are cemented 
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in place on the teeth and the wires may be 
removed at will to relieve the patient when 
any aggravating sjTnptoms develop (Fig. 
604). 

The method of providing the single-arch 
splint with hooks will prove invaluable 
when the case is complicated by fracture 
of the upper jaw that will demand later 


actiwty of infection and bony-structure loss, 
the wires may be removed and a splint sub- 
stituted until regeneration has developed 
and bony union has been established. Dr. 
Henry S. Dunning of New York City advo- 
cates this method. He has found it to be a 
very’ practical one in an unusually e.xtensive 
experience in the care of jaw fractures. (As 



Fig. 603. Fracture with considerable loss of substance. Intermaxillary %riring ilefl), later 
replaced by single-arch splint (center). End-result (rig^it). Note bone regeneration. 


regulation of the bite. [See Fracture of 
Upper Jaw, Chapter 24.— Ed.] 

A very satisfactory procedure to pursue 
is combining the use of the cap splint with 
intermaxillary wiring. 

The jaws can be wired together for only 
relatively brief periods of time. Four to six 
weeks as a rule, and in extreme cases from 
eight to ten weeks, will be the limit. The 
time limitation is obvious as far as the 
intake of nourishment is concerned and, 
furtfaecmore, the wires, after prolonged at- 
tachment, will loosen and allow too much 
movement, which may delay union if bony’ 
loss has taken place due to infection so that 
frequent adjustments will be required. The 
wires may’ weaken and perhaps break and 
it will be necessary to replace them. Fre- 
quent repetition of this becomes extremely 
burdensome to the patient and the pro- 
longed restraint imposed will add to his 
discomfort- 

In four to six weeks fibrous repair will 
be established to a sufficient degree to keep 
the fragments in proper alignment if not 
subjected to continued positive muscle pull. 
At this time, if the case has the appearance 
of being a prolonged affair, because of the 



Fig. 604. Intermaxillary or 
Gunning \’ulcanite splint (bollom) 
for edentulous jaws. Posterior bar 
fits on upper jaw, anterior on lower 
jaw, with opened bite for feeding 
purposes. Used with Barton band- 
age. (Top) Application of metal 
cap splints cemented to upper and 
lower jaws and united by wire or 
rubber bands. 



730 


FRACTURES OF TAWS 


long as 30 years ago he cited the results m 
1,065 cases m “Fracture of the Inferior 
Maxilla,” Jour Amer Med Asso , 64 132 

m ) 

Seciional Splints In fractures present 
ing a continued marked displacement, or 
in cases requiring refracture or the break 
ing up of scar tissue adhesions, sectional 
splints may be indicated These splints are 
fashioned to fit the separated piarts of the 
dental arch and are provided with special 
slot and pin attachments along the outer 
surface to lock them together Heavy wire 
hooks or knobs also maj be used to answer 
this purpose 

The true anatomic position will depend 
greatly upon the accuracy with which the 
stone or plaster casts of the teeth are fitted 
together to restore the occlusion When the 
sections of the splint ate completed they 
are cemented in place on the teeth and 
allowed to set for 24 to 48 hours to obtain 
sufficient retaining strength The bone frag 
ments must be separated and given com* 
plete freedom of movement To accomplish 
this it may be necessary to cut down on the 
scar-tissue adhesions and freshen the free 
ends of the fragments 

When the fracture has been compounded 
into the mouth and teeth are close to or 
involved m the area of fracture, the ap- 
proach may be in the mouth and incisions 
made through the mucous membrane If, of 
necessity, contamination is to be strictly 
avoided, the approach is made by incisjons 
through the skin under the lower border of 
the mandible After the fragments have 
been brought into proper alignment, which 
IS gauged by the position of the slots on the 
splint, the sections are locked m position 
by passing the pin through the slots or 
winding wires around the hooks or knobs 
to hold the parts m rigid fixation In some 
rare instances it may be necessary to com 
bine the lower jaw sectional splints with an 
upper jaw splint, in which case mtermaxil 
lary fixation is obtained 

Elastic Traction m Delayed Reduc- 


tion Delayed reduction may be necessary 
in cases of extreme displacement and may 
well be practiced during the early stages of 
repair While nothing more than a fibrous 
union exists the fragments may be moved 
into normal position by properly directed 
traction provided the muscle pull has not 
become an uncontrollable factor IVhen this 
latter problem is present the question arises 
of whether or not true anatomic position 
should be sacrificed for function, because 
to obtain true bony alignment it may be 
necessary to strip away the muscle attach- 
ments which may result m a decided re 
stnction of function Since it is generally 
accepted that function is the essential mo 
tjvc underlying the treatment of fractures 
the occasional vainglorious attempt to se- 
cure perfect anatomic position may well be 
misguided 

Elastic traction is most suitable for de 
layed union Individual wire hooks or wire 
buttons attached to the teeth, single-arch 
bars, and metal sphnts provide the anchor 
age for elastic bands The wire hooks are 
formed by passing double strands of brass 
wire around the necks of selected teeth in 
both the upper and the lower jaws, cutting 
them off short (about three tenths of an 
inch), and bending them away from the 
gum margin to form hooks A single tooth 
may be chosen but two adjoining teeth will 
provide greater strength and also prevent 
the loosening or displacement of the teeth 
due to the constant pull particularly if 
there is no occlusal contact 

Wire buttons are formed by twisting the 
short end of the wire into a tight whorl in 
stead of simply bending it into a hook The 
button will afford a better purchase but has 
the one disappointing disadvantage of not 
wthstandmg frequent adjustment Wire at- 
tachments will unfailingly loosen under the 
strain of the elastic traction and while it is 
a simple matter to tighten the wire hook 
and bend it back m place without weaken- 
ing the wire itself, the loose wire button 
will have to be unwound before it can be 
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properly tightened. This is likely to cause 
breakage and consequent replacement. 

Both the single-arch bars and the wires 
used to fasten them to the teeth uill sup- 
ply the attachments for the rubber bands, 
while the splints must be supplied with 
hooks for this purpose. Various special 
t^-pes of metal bands carrying hooks, knobs, 
etc., have been contrived to furnish the de- 
sired attachments, but these occupy too 
much time in application and are me- 
chanically too intricate to be bothered with. 
The condition is not an orthodontic prob- 
lem and should always be considered as a 
surgical one. 

MTien the intermaxillaiy rubber bands 
are first attached, a fair amount of freedom 
of movement of the jan should be allowed 
and the bands so placed as to slowly guide 
the parts into position. The constant pull 
of the rubber bands will not only overcome 
ordinar>' muscle pull but will overcome the 
resistance of early fibrous union. During 
this stage the case should be kept under 
close observation and both the direction and 
intensity of the traction carefully regulated. 
The freedom of movement is gradually re- 
strained and the reduction completed One- 
half to three-quarters inch size rubber 
bands, two or three in number, are best 
adapted to this procedure, and they may be 
doubled and redoubled in position as the 
case progresses. Tiny rubber bands exert 
loo much force in the beginning and lend to 
maintain a single fi.xed position which will 
interfere with the directional control of the 
parts. If immediate and complete reduction 
is desired, wires will be far more useful in 
holding the fracture in rigid fi.xation than 
a mouthful of small rubber bands. 

Circumferential Wiring. MTien the 
teeth, which are so valuable in the scheme 
of fixation, are missing and the jaw is 
edentulous, or nearly so, added difficulties 
will be presented in the management of the 
fracture, ^^^len the displacement is mod- 
erate and the muscle pull negative, an in- 
termaxillarj’ splint of modeling compound. 


or the patient’s artificial dentures, may be 
used to hold the parts at rest, while a band- 
age is applied to obtain a certain degree of 
fixation. If teeth are present, intermaxillar>’ 
writes may be used even though only the 
anterior teeth are available. 

With a marked displacement and active 
muscle pull some forceful means of fixation 
will be necessary to hold the parts in re- 
duced position in these edentulous jaws 
This may best be accomplished by passing 
wires around the body of the bone. A rigid 
metal splint is first made to fit over the 
edentulous ridge of the lower jaw with 
liberal extension on both sides of the frac- 
ture line. In cases of bilateral fracture this 
splint should be carried completely around 
the arch, and if anj teeth are present it 
should be constructed to fit over the teeth 
and have an e.xtension carried over the 
edentulous ridge. This latter tjpe of splint 
should be cemented in place on the teeth 
before the wires are passed around the bone, 
thus providing very satisfactory anchorage. 

In passing the tvires around the bone, a 
heav>' curved trocar and cannula or a 
Brophy needle may be employed (Fig. 60S). 
The use of the trocar arid cawwula simplifies 
the operation while the Brophy needle first 
carries a fisbline ligature to which the wire 
is attached and dragged through the soft 
tissues. The fracture lines must be carefully 
located and outlined with the parts in re- 
duced position. To judge the position the 
wires are to take with the fracture in dis- 
placement may lead to inaccuracy, because 
when the fracture is reduced it will show a 
very’ different picture and the wires may be 
found to be in faulty position. The splint 
should straddle the fracture and the wires 
should engage each fragment with a liberal 
margin of contact. 

The position of the fracture is more 
clearly outlined along the aUeolar ridge than 
extemall}*, and to insure further accuracy it 
is well to pass the instrument from above 
downward. The mucous membrane in the 
mouth is pierced by the trocar and cannula 
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at the selected point on the outer side of the 
alveolar ridge and carried downward close 
to the bone to the skin where a small m 
cision IS made to permit its free passage 
The trocar is withdrawn and a generous 
length of silver wire ISo 18 gauge is passed 
upward through the cannula allowing the 
free end to extend out of the mouth after 
which the cannula is withdrawn from the 
wire The mucous membrane is then pierced 


sutured and a soft padded bandage applied 
to relieve muscle strain (Fig 606) 

The number of wires passed around the 
bone will naturally depend upon the num 
ber of fractures As many as five wires may 
be used and it is well to remember that 
when depressor muscle pull is active a wire 
passed around the bone at the midline will 
prevent tilting of the splint (Fig 607 608 
609) 




Fio 605 {Left) Trocar cannula and wire for circumferential wiring Wire is of 
silver 18 gauge 

Fic 606 {Right) Circumferential wiring in situ over metal splint 


at a corresponding point on the inner sur 
face of the ridge and the trocar and cannula 
carried downward close to the bone and 
through the skin incision The trocar is 
again withdrawn and the outside extension 
of the silver wire passed upward through 
the cannula to the mouth The cannula is 
withdrawn and the free ends of the wire ex 
tending out of the mouth are grasped with 
heavy hemostats and pulled up close to the 
bone with a sawing motion Care must be 
taken not to twist the wire on itself to form 
a loop at the lower border 
This operation is repeated until all the 
necessary wires are in position whereupon 
the metal splint is lined with a thin layer 
of modeling compound and put in place on 
the alveolar ridge and while the fracture is 
held in reduced position by pressure under 
the body of the bone wires are passed over 
the splint and the free ends of each wire 
twisted firmly together The incisions are 



Fig 607 X ray photograph of cir 
cumferential wire and splint controlling 
fracture at angle Original position 
shown in Fig 574 

Swelling and edema may be expected as 
an immediate reaction which rarely goes on 
to active infection and abscess formation 
The bandage should be kept not too tight 
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Fio. 60S Bilateral fracture through body of edentulous jaw Circumferential wiring 
over metal splint iTop, left) Right fracture. (Top, right) Left fracture. Wired jaw 
viewed (bottom, left) from right, and (bottom, right) from left 



Fig. 609 Circumferential wiring over metal splint in comminuted fracture of edentu- 
lous jaw. Posterior wire has misled separated fragment, a circumstance to be avoided. 
(Left) Original fracture. (Right) After wiring. 
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to prevent irritation and can be discon muscle attachment away from the bone 


tmued in a week or ten days Liquid diet 
will be required in the beginning but it may 
be changed to soft selected diet as the case 
progresses The wires may be kept in posi 
tion for 10 or 12 weeks Aside from tighten 
mg during the first IQ days they will de 
mand very little adjustment 
Circumferential wiring has been at 
tempted with indifferent success to control 



Fig 610 Unumted fracture — result of 
inadequate fixation 


the upward displacement of the posterior 
fragment m fractures passing through the 
third molar region and extending backward 
toward the angle The upward pull of the 
elevator muscles may be extreme and too 
powerful to overcome by sheer force and 
the pressure of the wires and the splint may 
set up an active tissue irritation with some 
distressing results Silver wire has also been 
passed through a hole bored in the heel of 
the angle and earned backward through an 
incision m the skin to be attached by heavy 
elastic bands to a reinforced head cap Even 
ihis constant and powerful traction has not 
been sufficient to overcome the muscle puJl 
It IS quite possible for the wire to drag 
through the hole in the bone and if the 
effort is to be at all successful it must be 
attempted shortly after the injury has oc 
curred and before chronic muscle contrac 
tion has developed Stripping the masseter 


may relieve some of the muscle strain but 
quite possibly this may result in restriction 
or impairment of function 
Quite recently external splints have been 
designed and developed with a high degree 
of mechamcal ingenuity VitalUum and 
stainless steel metals are used m their con 
struction and they are supplied with screws 
to engage the bone and universal joints to 
permit fixation m any desired position 
They will be helpful when the natural 
means of support are missing or useless to 
control the existing displacement Muscle 
pull may be a disturbing factor and heavy 
stress should be avoided to prevent the 
screws from dragging out of position [For 
the use of multiple pm fixation methods 
see Chapter 22 - Ed ] 

Unumted Fractures 
Except in cases of substantial loss of 
bony substance at the time of injury non 
union IS not to be expected in fractures of 
the mandible Ordmaiily failure of the 
fracture to unite is quite rare but when it 
does occur it is usually the result of faulty 
reduction strong muscle pull or local in 
fection with bone destruction In fractures 
passing through the angle if the posterior 
fragment is drawn upward and outward by 
uncontrolled muscle pull overlapping will 
occur and mil prevent sufficient contact to 
obtain bony union This overlapping is also 
a^ravated by infection impacted teeth in 
the line of fracture and the extraction of a 
useful tooth in the posterior fragment A 
heavy fibrous union often develops and if 
freedom of motion of the jaw and the natu 
ral occlusion of the teeth is restored the 
functional result mil be satisfactory 
Fractures through the neck of the condyle 
present a similar condition but they are 
closed and will repair more rapidly Tunc 
tion will not be greatly disturbed and even 
though the head of the condyle ma> be dis 
located it is rarely necessary to resort to it« 
removal 
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Comminuted and multiple fractures pass- 
ing through the body of the bone may suffer 
considerable loss of bony structure through 
infection and the loss of teeth and fail to 
unite if the gap created is wider than the 
major thickness of the bone. S}’philis, dia- 
betes, blood dyscrasias, etc., will hamper 
bone repair, and if not properly treated 
may go on to nonunion in aggravated cases. 
It may be that full accord has not been 
reached regarding the effect of sj-philis on 
fractures in general, but in fractures of the 
mandible it has been definitely obser\‘ed 
that, with a positive Kline or Wassermann, 
ihe local sjTnptoms retarding repair will 
promptly subside when antiluetic treatment 
is instituted. 

UTien the ununited fracture results in 
free movement of the fragments with loss 
of bony substance, marked impairment of 
function, and nerve-trunk irritation, it will 
be necessary' to resort to bone grafts to cor- 
rect the defect (Fig. 610). [The technic of 
osteoperiosteal, cartilaginous, etc , grafts 
from rib, tibia, or crest of the ilium will be 
found in Chapter 22.— Ed.] 

After-care and CoiiPLiCATiovs 
In comparatively mild cases, showing no 
systemic symptoms or general complica- 
tions, the after-care is simple routine A 
good many of these cases are ambulatory or 
will be so shortly after reduction and fixa- 
tion have been accomplished. The traumatic 
swelling and edema may be negligible or 
will rapidly subside after the jaw is set. 

l\Tien the jaws are locked together the 
diet will be restricted to fluids of high vita- 
min content. Milk, soup, eggnogs, meat and 
fruit juices, very fine cereals, etc., should 
be taken frequently during the day. Under 
the circumstances the patient will be able 
to take less nourishment at one time, so 
consequently it should be taken more often. 
It is never necessary’ to e.vtract a tooth to 
permit of the intake of nourishment, for 
even uith a full complement of teeth the 
passage of fluids can be managed without 


too much difficulty when the jaw alone is 
affected. Loss of weight is to be expected 
during the early stages, but it may be 
quickly regained before the termination of 
the case or shortly thereafter. 

The mouth is kept clean by regular irri- 
gations or rinses with normal saline or mild 
antiseptics, and whenever possible by 
brushing the teeth and appliances with a 
soft brush. 

Adults employed in sedentary occupa- 
tions may resume their activities, but 
laborious work should be avoided or modi- 
fied because increased physical e.xercise will 
demand more nourishment than can be sup- 
plied under the circumstances. The activi- 
ties of children and the aged should be 
restricted because they obviously require 
more rest. 

In closed fractures the wires may be re- 
moved in three or four weeks, while in 
compound fractures the time is extended to 
from five to seven weeks if active infection 
has not developed. If an early fibrous union 
is sufficient to bold the parts in place the 
patient will improve more rapidly with in- 
creased nourishment and moderate exercise 
until callus formation takes place. 

WTilIe all cases should be kept under 
close obsers’aiion in the early stages to cor- 
rect changes in position and obser\’e the 
development of acute sy’mptoms, infection 
or abscess formation should not be antic- 
ipated by incisions through the skin to 
drain abscesses that do not already’ e.xist. 
Such incisions will close rapidly, or, if kept 
opien with rubber tubes, may render com- 
minuted fragments more susceptible to se- 
questration. Furthermore, if an abscess does 
dex'elop, the line of least resistance and 
therefore of spread may follow another 
course and further incision will be required 

Acute swellings and cellulitis of the soft 
tissues should be poulticed with hot wet 
boric-add dressings. In compound fractures 
the drainage in the mouth may’ be sufficient 
to dimmish the swelling, but if an external 
point of fluctuation is established incision 
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should be made under and parallel to the 
lower border of the mandible to secure ade 
quate drainage Rubber tubes are best 
suited to maintain drainage but rubber tis 
sue may also be used Inadequate drainage 
will lead to the rapid or continued breaking 
down of bone and should never be toler 
ated Loss of bon> contact may occur re 
suiting in displacement by uncontrollable 
muscle pull 

In severe injuries with extensive lacera 
tion or loss of soft tissue structure and 
multiple fractures of the jaw emergency 
measures are first undertaken to control 
hemorrhage and establish a suitable airway 
The soft tissues are partially sutured and 
the wounds dressed with saline or boric 
acid pads Such injuries are usually asso 
ciated with general complications which 
being of a major character should receive 
first attention Only helpful measures m 
the treatment of the jaw should be at 
tempted while the patients condition is 
critical This may be accomplished by sim 
ply supporting the jaw with a bandage by 
wiring a single arch bar to the teeth or 
using binding wires to 1 eep the parts from 
moving freely about and interfering with 
function 

Chemotherapy 

In the treatment of jaw fractures the 
sulfa drugs should be used with a strict 
regard for the symptoms displayed While 
the value of their bacteriostatic action is a 
well established fact the beneficral eHect of 
these drugs on fractures undergoing normal 
repair and in good anatomic position is very 
questionable 

Sulfanilamide sulfathiazole and sulfa 
diazme are most commonly used at the 
present time and when given m therapeutic 
doses of 2 Gm as an initial dose and I Gm 
every four hours until the symptoms sub 
side It should be with the specific purpose 
of controlling an acute infection which maj 
have developed to complicate the fracture 
The treatment of the infection will for the 


moment take precedence over the treat 
ment of the bone injury 
In this regard a differentiation always 
must be made between the traumatic swell 
ing and edema consequent to the injury and 
an acute cellulitis and abscess formation 
resulting from a compounding of the frac 
ture and dis“ased teeth lying m the fracture 
line Traumatic swelling and edema usually 
subside quite rapidly during the normal 
process of repair following reduction and 
fixation and in such instances even the 
so called prophylactic doses of the sulfon 
amides ate not indicated 
In large external wounds about the jaws 
the sulfa drugs may be used as a dusting 
powder to inhibit the growth of bacteria 
but m the mouth the powdered form will 
have little or no value because it is quickly 
washed away by the fluids of the mouth 
Should gauze drains and packings be em 
ploj ed to I eep the drug m contact with 
the wound they are very likely to act simply 
as wicks to carry infection from the mouth 
down along the fracture line to promote 
pocketing and abscess formation 
When the sulfa drugs are given in large 
doses some alteration in the blood supply 
to the injured part may take place Diminu 
tion of the minute vascular efficiency will 
(end to retard repair and the wound in the 
mouth may show a definite clinical change 
The soft tissues may become dry and shiny 
and the bone exposed at the fracture line 
may show a lack of vascular nourishment 
Under such conditions the bone may resorb 
contact of fragments may be lost and a 
dtsplaang muscle pull may become effective 
whidt may afiect the end result [See gen 
eral discussion of chemotherapy Chapter 
22 -Ed] 

As soon as the circumstances will permit 
permanent means of fixation should be em 
ployed all possible means should be taken 
to correct the displacement and restore 
function, and in prolonged cases all three 
of the basic methods of fixation may have 
to be employed 
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Shock and loss of blood 'will requite 
special care. Saline infusions, blood trans- 
fusions, and the administration of sedatives 
will be required. Diabetes and epilepsy may 
have to be kept under control, aniilueiic 
treatment administered, and the patient 
confined in bed for long periods of lime. 
Under such circumstances it may well be 
said that the associated efforts of the sur- 
geon, physician, and dental surgeon will 
reach a peak of service for the best inter- 
ests of the welfare of the patient. 

Fractures of Maxillar\ Bones 

With the exception of the mandible, the 
maxillae are the largest bones of the face, 
by their union forming the nhole of the 
upper jaw. Each maxilla is in a fixed posi- 
tion, articulating with nine bones, two of 
the cranium (the frontal and the ethmoid), 
and seven of the face (the nasal, the malar, 
the lacrimal, the turbinate, the palate, the 
vomer, and its fellow on the opposite side) 
This anatomic arrangement affords con- 
siderable protection against injury and it 
IS only as a result of direct violence that 
the upper jaw is fractured. .Also, because of 
its size, shape, and position, when fracture 
does occur it may result in marked dis- 
figurement of the face. 

These injuries will vaiy from incomplete 
fractures of the alveolar process to com- 
minuted transverse fractures of the maxil- 
lae, compounded into the mouth, the 
sinusvS, the nasal cavity, or through the 
skin. The articulating cranial and facial 
bones may be invoUed with e.xtension into 
the cranial ca^'ily with attending brain 
injur\'. The extent of displacement of the 
parts depends upon the degree of violence. 
Sudden severe frontal force will cause frac- 
ture of the alveolar nrocess, both unilateral 
and bilateral, with more or less e-xtension 
into the bodj' of the bone, localized dis- 
placement, and injury' to the teeth. Extreme 
frontal force and crushing injuries will drive 
the maxillae backward toward the base of 
the skull, causing transverse fractures with 


downward and, of course, backward dis- 
placement, with considerable comminution 
and impaction of the parts. If the nasal 
bones and the orbits are involved, the whole 
face will sag down to the limit of soft- 
tissue support. Lateral force directed over 
the malar bone and maxilla will cause radi- 
ating fractures of the external antral wall, 
fracture of the palate, depression of the 
malar bone into the maxillary sinus, and 
fracture of the zygomatic arch. Should the 
fracture be transverse as the result of the 
lateral force, there will be considerable 
lateral displacement. 

Such injuries as these resulting from sud- 
den or e.xtreme force received in automobile 
accidents and falls from heights, or from 
the crushing force of hea\y falling objects, 
heavy missiles, etc., usually cause displace- 
ment, distortion, and laceration without 
loss of tissue, except the teeth. In gunshot 
wounds and shell, shrapnel, and bomb in- 
juries, however, fractures of the upper jaw 
are complicated by loss of bone and soft 
tissue, sometimes to an e.xtreme degree. The 
point of entry’ of a bullet may be small and 
e^en, with little apparent tissue damage, 
but Its path through the tissues, particu- 
larly the bony structures, may be extremely 
destructive: and at its exit it may carry 
aw-ay large masses of tissue. Shell and bomb 
fragments, on the other hand, are destruc- 
tive at the point of contact, the extent of 
the injury depending upon the force, size, 
and shape of the fragment. 

Emercencv Treatment 

Injuries to the upper jaw are frequently 
accompanied by hemorrhage and respira- 
tory difficulty’. Primary’ hemorrhage can 
usually be controlled by pressure. The use 
of gauze sponges in capillary bleeding will 
be suffident, and hemorrhage from the frac- 
ture line will be arrested by bringing the 
parts together and, if possible, holding them 
in temporary support by’ the use of band- 
ages. In e.xtensive wounds of the soft parts, 
the blood vessels may be ruptured and it 
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may be necessary to clamp the bleeding 
vessels or soft tissues and use ligatures 
Respiratory difficulty may be caused bj 
a blocking off of the nasal passages by dis 
placement of bone or by hemorrhage or 
it may be produced by fractured and dis 
placed teeth broken dental apphances 
detached fragments of bone loose foreign 
bodies lacerated soft tissue and clots of 
blood filling the mouth and falling back to 
the throat This material must be removed 
the nasal passages packed for bleeding and 
an airway established immediately \ su 
ture through the tip of the tongue will keep 
the tongue from dropping back to the throat 
to embarrass the breathing and will also 
assist in keeping the mouth and throat 
clear A large rubber tube or a metal air 
way may be passed back to the oral 
pharynx to aid the respiration Or should 
the injuries to the mouth and jaws be so 
severe as to prevent the use of oral tubes 
nasal catheters may be passed through the 
nose Care should be taken to guard against 
recurrence of hemorrhage or blocking of the 
airway A recurrence may result in death 
Restoring the displaced parts to normal 
position will depend chiefly upon the se 
verity of the injury and the condition of 
the patient (Fig 611) Lacerations of the 
soft tissues may be sutured and means for 
suitable drainage established but in severe 
cases where the patient is m shock or where 
there are symptoms of skull fracture or 
where there has been much loss of blood 
the replacing of comminuted bone frag 
ments should be limited to the control of 
local hemorrhage the maintaining of a free 
airway and the reduction of the patients 
pain and discomfort This may be accom 
plished by the use of binding wires fastened 
around the remaining teeth and by band 
ages Foreign bodies if readily accessible 
may be removed but further manipulation 
of the parts including the taking of im 
pressions of the jaws for the construction 
of splints should be postponed until the 
patients condition has improved Wide 




Fig 611 {Top) Extent of soft part 
pathology accompanying upper jaw 
fractures 

Fig 612 (Bottom) Types of Kingsley 
splint 



FRACTURES OF MANDIBLE 


739 


gaping wounds should be cleansed and 
dressed with saline pads. In certain serious 
head and jaw injuries, patients will resist 
all restraint, and will attempt to remove or 
displace any appliance of fixation placed 
on the jaws or in the mouth. Under such 
conditions it would ser\’e no useful purpose 
to splint the jaws until the acute symptoms 
have subsided, because their disturbance 
would tend only to cause increased displace- 
ment. 

Diagnosis 

Minor fractures of the maxillae are, aS a 
rule, not difficult to diagnose A history of 
the injury, with a careful inspection of the 
dental arches and a digital examination of 
the bones of the face, will generally reveal 
the nature and extent of the injur}'. 

Because of the position of the maxillae, 
with the anatomic superimposition of the 
facial bones, clinical signs and s>'mptoms 
often will be more re\ealing than the x-rays. 
Frequently transverse fractures, quite obvi- 
ous clinically, will not be clearly demon- 
strated on the x-ray plates. In extensive 
injuries the problem of complete diagnosis 
is more difficult, and exhaustive clinical and 
x-ray examinations should be made. All de- 
pressions, displacements, and deviations 
from the normal should be carefully noted 
and functional relationships regarded. Frac- 
tures through the rim of the orbit, depressed 
fractures of the z>'gomatic arch, and de- 
pressed fractures of the outer wall of the 
ma-xillaty sinus will require several x-ray 
positions to determine the e.xtent of dis- 
placement. 

Reduction \nd Fixation 

Incomplete fractures invoU'ing the alve- 
olar process with displacement of the teeth 
are readily treated by wiring a bar of half- 
round wire to the sound teeth, forcing the 
displaced teeth back into pwsition, and then 
ligating them to the bar. 

Unilateral fractures of the maxilla with 
displacement of a sizable fragment of bone 


may be managed by wiring the jaws to- 
gether with intermaxillary wires. The sound 
side of the maxilla will keep the mandible 
fixed against it in normal occlusion, thus 
causing the opposite side of the lower jaw 
to hold the fractured fragment of the upper 
fixed in reduced position. 

Transverse fractures of the maxilla vary 
a great deal in displacement. This may be 
downward, backward, forward, lateral, or 
any combination of these. With mild dis- 
placement, and no particular disturbance of 
the occlusion of the teeth, the treatment 
will consist simply of bringing the jaws 
together and holding them in position with 
a Barton bandage reinforced with adhesive 
tape. 

In cases of marked displacement of the 
maxillary bones, and especially when com- 
plicated by fracture of the nasal bones and 
the palate, it is necessar>' to obtain upward 
and forward and, also, occasionally lateral 
traction. 

This is usually successfully accomplished 
by use of the Kingsley splint {Fig. 612) by 
means of which the necessar>’ traction for re- 
duction is obtained by passing rubber bands 
from the lateral arms of the splint upward 
to a head cap and aUaiijmg them in posi- 
tion with safety pins (Fig. 613). The splint 
is usually made of cast metal and designed 
to fit over the teeth and gum margins of the 
upper jaw, with a supporting bar carried 
across the palate, to prevent bending of the 
splint. The occlusal surface of the splint is 
ground dou*n to articulate with the lower 
teeth (Fig. 614). 

If lateral displacement of the fracture of 
the upper jaw is represented on the cast, 
as is frequently the case in vertical fractures 
through the palate, this must be corrected 
by cutting through the model and adjusting 
it until normal occlusion is obtained. A 
strong wire bar is attached to the buccal 
surface of the splint on each side and car- 
ried forward in a curve to pass out of the 
mouth dose to the midline (Fig. 615). If 
there is laceration of the upper lip, the bars 
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Fig 613 Kingsley splint with rubber 
bandrtraction Note \arious directions 
of pull designed to correct displace 
ments 

will have to emerge nearer the angles of the 
mouth to a\oid disturbance of the lacera 
lion as in Fig 614 It is then curved back 
ward on itself to pass along the outer sur 
face of the cheek to the lobe of the ear The 
splint when put m position in the mouth is 
not cemented to the teeth but is simply 
placed on the teeth and held m position by 
the upward pull of the rubber bands The 
direction of upward forward or lateral pull 
IS completely controlled by the position of 
the rubber bands on the lateral arms of the 
splint 

For posterior traction the bands ire 
placed in a posterior position on the bar 
for anterior traction the bands are placed m 
an anterior position for forward traction 
they are slanted forward and for lateral 
traction they are crossed over the midline 
Of the head caps there is a great variety 
ranging from plaster of pans to leather head 


gears and crowns of old felt hats A very 
simple and practical type of head cap may 
be obtained by using a head bandage re 
inforced with adhesive tape It is sufficiently 
stable to withstand the required stress can 
be adjusted easily and frequently changed 
The splint may be removed every few days 
to observe the progress of the reduction 
tc^ether with the occlusal relationship with 
the lower jaw 

Precaution must be taken not to carry the 
maxillae too far upward out of position by 
exerting extra strong and constant upward 
pull It has been found to be far more 
satisfactory to use fairly light traction in 
the beginning and gradually increase it until 
proper stress has been obtained From the 
nature of the upper jaw fractures and from 
the principle involved in the u«e of the 
Kingsley splint the object of this method 
cannot very well be directed toward imme 



Fic 614 Kingsley splint to show 
grinding out over occlusal surfaces and 
bars emerging toward angles of mouth 
because of upper 1 p laceration Note 
absence of palatal bar often used for 
added strength 
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diate complete reduction. Rather, the pur- 
pose should be to guide and control the 
parts in a delayed reduction until they have 
been brought gradually into good anatomic 
position and then stabilized until the bones 
have sufficient anchorage to hold them in 
place (Fig. 616, 617, 618, 619, 620, 621). 
This is usually accomplished in about two 
to four weeks’ time. 

Well-regulated upward traction will lift 
and support the sagging tissues of the face 
when transverse fractures of the maxillae 
are accompanied by fractures through the 
nasal fossa and through the orbits. The 
nasal bones will be held in satisfactoiy- posi- 
tion by the upward pull, and intranasal 
splints are not, as a rule, required Splints 
placed in the nose will tend to block off 
the air passage and cause tissue irritation 
with subsequent infection. 

Fractures passing through the maxillary 
sinuses are quite common in upper-jaw in- 
juries and do not present a grave problem. 



Fic. 615. Kingsley splint with bars 
emerging from mouth near midline in 
absence of bceration of upper lip. 



Fic. 616. Multiple fractures of upper 
and lower jaw. 


Ordinarily, the primary hemorrhage is self- 
limited, and the clotted blood remaining in 
the sinus will be absorbed, especially if the 
ventilation is good, which may be aided by 
shrinking down the membranes with astrin- 
gents Should active infection develop, it 
will be necessary' to puncture the sinus 
under the inferior turbinate to establish 
adequate drainage. Fractures through the 
ethmoidal and frontal sinuses are of a more 
serious character and may lead to intra- 
cranial inTOlvement because of the close 
pro,ximily to the brain and possible exten- 
sion of infection along the venous channels. 

In badly comminuted fractures, only the 
completely detached fragments of bone 
should be removed. The blood supply to 
the jaws and face is very rich, and consider- 
able conservation of bone and soft tissue is 
ahraj-s possible and is of prime importance. 
Even small pieces of bone having only peri- 
osteal attachment should be saved and re- 
placed to avoid a gap in the continuitj’ of 
the bone and prevent later disfigurement ; 
while the retention of larger fragments con- 
taining teeth, although loose and freely 
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movable will prove invaluable in the 
scheme of repair 

Loss of bony structure and wide separa 
tion of the parts will require the use of 
interrupted or sectional cap splints These 
should be provided with metal hooks for the 
attachment of rubber bands and wires to 
release impacted and coritrol displaced 
fragments A variety of screw bar and pm 
and slot attachments have been used to 



Fio 617 (Same case as Fig 616) 
Single arch bar to temporarily control 
fractured lower jaw while splint was 
being made 

obtain the desired result It may be neces 
sary at tunes to wire sections of the bone 
with Sliver wire or better still fine stainless 
steel wire 

Radiating fractures of the external wall 
of the maxillary sinus with depression of 
the malar bone and extension through the 
inferior margin of the orbit are often accom 
pamed by a shattering of the bone with a 
noticeable disfigurement of the face and 
w ill prove to be difficult to manage Reduc 
tion by opening through the canine fossa 
and forcing the parts back into place with a 
sound has met with only mdiSerenl sue 
cess The use of bone hooks passed through 
the skm over the fracture line will be more 
favorable if the comminution is not too 
extensive and the fracture not impacted 
Open reduction may be attempted by roak 
mg a semilunar masion over the inferior 



Fic 618 (Same as Fig 616 ) Rings 
ley splint to upper jaw and s ngle arch 
metal splint cemented to !ov.er teeth 
Note hooks on lower splint for later con 
frol of occlus on 



Fio 619 (Same case as Fig 616) 
X ray of Kingsley splint and single arch 
splint in place Note correction 




Fig. 622. Titlerington’s position for x-ray demonstra- 
tion of fractures of z>'gonia and nuJar bones. Depression 
of zygoma against coronoid process of mandible is 
clearly showm This interferes with lower-jaw function. 
Tilt x-ray tube so as to project principal ray about 10“ 
from its usual perpendicular position toward foot of 
table using five-inch cone, center tube to cassette 
mounted on 23® angle board. Patient lies prone, head 
extended, chin resting on loner margin oi cassette, nose 
just off film. 
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margin of the orbit securing direct vision 
of the fracture line and reducing the im 
paction by prying the fragments apart with 
an elevator 

Fractures of the zygomatic arch not only 
produce a certain amount of disfigurement 
but also cause loss of function of the man 
dible The depressed arch of the zygoma 
will prevent the coronoid process of the 
mandible from sliding forward in its normal 


normal position thus reducing the fracture 
No fization is required once the arch has 
been sprung into place The nound in the 
temporal region is sutured (Fig 625) 

After a fibrous union has developed in the 
repair of upper jaw fractures and the splint 
has been discontinued it mil be found oc 
casionally that the occlusion of the teeth 
has not been completely restored This 
defect may be corrected by attaching half 




Fro 623 (Left) Lateral view showing deformity at site of comminuted fracture of 
zygomatic arch 

Fro 624 (Rigkt) Redact on of delormity shown in Fig 623 by method described m text 


excursion when an attempt is made to open 
the mouth (Figs 622 623 624) Reduction 
of this fracture is essential to restore 
function 

The method described by Ivy and orig 
mated by Gillies has proved to be ver> 
satisfactory An incision is made over the 
temporal region at a point about 1 cm 
above the upper margin of the ear and ex 
tending obliquelj upward and outward It 
should be about 2 5 to 3 cm m length and 
carried down to the temporal muscle fascia 
An elevator like instrument bent at about 
a 25° angle at the lower quarter or a heavy 
curved hemostat is passed down along the 
temporal muscle fascia and under the zygo 
matic arch The arch is forced outward into 


round wire or wire hooks to the teeth in 
the upper and lower jaws and then connect 
ing them with intermaxillary rubber bands 
to slowly draw the upper jaw into normal 
relationship with the lower If the mandible 
IS fractur^ in addition splints used for 
fixation of this bone should be provided 
with wire hooks for this purpose The repair 
and proper position of the fracture will not 
be disturbed by this procedure and it can 
be accomplished without difiicultj before 
bony union has developed (Figs 616 621) 
Function should be the essential idea 
underljing the treatment of these fractures 
Careful treatment of the soft tissue wounds 
earlj reduction and well planned fixation of 
the fractures and conservation of the struc 
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tures will have an important influence on 
the functional result. Open wounds in the 
mouth should be irrigated with saline or 
boric-acid solutions. .Adequate drainage 
must be maintained. This may require in- 



Fic. 625. Location of skin incision for 
reduction of depressed fracture of ^'go* 
matic arch. 


cision or the removal of sequestrated bone, 
but under no circumstances should frag- 
ments of bone be removed unless completely 
separated. 

Sulfanilamide may be used as a dusting 
powder in large wounds and also by mouth, 
2 Gm., in hemolytic streptococcus infec- 


tions. In staphylococcus and mixed infec- 
tions, sulfathiazole may be given by mouth, 
2 Gm. as an initial dose and 1 Gm. everj’ 
four hours day and night until the acute 
symptoms subside. These drugs have been 
found to have a beneficial effect in acute 
infections of the jaws when used in con- 
junction with surgical drainage. [See gen- 
eral discussion of chemotherapy, Chapter 
22 -Ed.] 

The destructive force of the blows re- 
ceived, together with the infection encoun- 
tered, will often result in unavoidable tissue 
damage and loss in upper-jaw fractures, 
with subsequent facial disfigurement and 
impairment of function This is, indeed, un- 
fortunate. but when the primarj' healing has 
advanced to its fullest extent and the tissues 
are clean and free from infection, plastic 
surgerj’ may be undertaken to correct the 
defects and restore function. 

BIBLIOGR.APHY 

Blair, V. P . and R H I\y • Essentials of Oral 
Surgerj, St Louis, C V Mosby Co, 1923 
Christopher, F., Editor Textbook of Surgerj. 
by 195 American Authorities. 3rd edit . 
Philadelphia. W B Saunders Co, 1942 
Dunning, H. S • Fracture of the infenor 
maxilla, Jour. Atner iled Asso , 64 132 
138, 1915. 

Murra>, Oay Ray- A Textbook of Sur- 
gery, b) 195 American Authorities, edited 
b> F Christopher, 3rd edit, Philadelphia, 
\V B Saunders Co., 1942. 

Sante, L. R : Manual of Radiological Tech 
nique, Ann .Arbor, Mich., Edwards Brothers. 
Inc, 1935. 

Scudder, C. L • The Treatment of Fractures, 
Philadelphia, \V. B. Saunders Co„ 193S. 



SECTION NINE 


FRACTURES AND DISLOCATIONS 
OF TRUNK 



Injuries to the Spine 


Arthur G. Davis, M.D. 


Certain generalities bearing on spinal in- 
jurj’ have become apparent since the in- 
ception of actual reductions 20 years ago. 
Notwithstanding the ever-present necessity 
of planning treatment on the individual 
merits of the case at hand, the following 
general obser\'ations seem important : 

1. The centrum of a vertebra forms cal- 
lus as rapidly as any other osseous struc- 
ture. 

2 . The intact posterior arches of verte- 
brae when hj’perextended are capable of 
sustaining the imposed weight of the torso 
without the aid of the centrum. 

3. Hyperextension with notable excep- 
tions is as important in the reduction of 
spinal fractures as is straight-line traction 
in long bones. 

4. The tensile strength of the anterior 
longitudinal ligament is such that a wide 
margin of safety protects the patient 
against damage by hj’pere.xtension. (See 
footnote, p. 776.) 

5 . The anterior longitudinal ligament 
when interpreted correctly acts as the main 
reducing medium as well as the main check 
strap to over-h\perextension. 

6. Roentgenography of the pvosterior arch 
cannot be depended upon to reveal most 
fractures and dislocations of this portion. 
Radiograms of the posterior arch are fre- 
quently found to be deceptive and illusory. 

7. Because of the impossibility of radio- 
graphic exposition of the posterior arch, the 
factor of horizontal traction during reduc- 


tion is important as a protection to the 
posterior arch. 

8. Because the status of the posterior 
arch is unknown, ambulatory treatment is 
not permitted for six weeks, since the pos- 
terior arch takes all the compression strain 
in h>pere.'rtensioD. 

9. Barring demands of unusual cases, am- 
bulatory treatment in constant hjperexten- 
sion at six weeks is important to induce 
weight-bearing callus in the centrum. 

10. It must be assumed that the damage 
to the vertebrae is greater, sometimes much 
greater, than the first radiiograms indicate. 
The imm«3iate spontaneous reaction to hy- 
perflexion is an immediate recoil in exten- 
sion. In other words, a certain amount of 
spontaneous reduction frequently takes 
place in the interval between the moment of 
injury and the first roentgenography. 

11. Visualizing a verj’ definite sequence 
of steps (including set-up, reduction, ade- 
quate fixation, return to function, and final 
resumption of former occupation) helps to 
define the detail of and criteria for treat- 
ment essential to perfection of the result. 

The following aims to classify the spinal 
injuries ordinarily encountered and outlines 
sequences for the various classes: 

CLASSIFICATION OF SPINAL 

FRACTURES AND DISLOCATIONS 
Compression-fracture Type 

1. Thoracolumbar — tenth thoracic to 
fifth lumbar 
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2 . Midthoracic— fourth to ninth 

3. Upper thoracic— first to fourth 

4. Cervical 

a. Third to seventh 

b. First and second 
Special Groups 

1. Spinous processes 

2. Transverse processes 

3. Articular processes 

4. Laminae • 

5. Hyperextension fractures 

6. Unilateral compression fractures 
Dislocations 

1. Cer\’ical— unilateral— bilateral 

2. Luxations 

a. Cervical 

b. Posterior dislocation of fifth lum- 
bar vertebra 

Uncomplicated Crush Fractures from 

Tenth Thoracic to Fifth Lumbar 
This region of the spine, the lower 
thoracic and entire lumbar region, is more 
susceptible to fracture than all other pans 
Statistical data reveal that 75 per cent of all 
spinal fractures occur within these limits 
A number of technics besides the one to be 
described are acceptable, those of Rogers, 
Dunlop, and Watson-Jones being the most 
outstanding. The foot-suspension technic 
has proved most effective as measured by 
ease of operation, degree of reduction and 
protection of the posterior arch, and com- 
fort of the patient. 

FOOT-SUSPENSION TECHNIC 

First Aid. Specialized care starts at the 
site of injury ; Figs. 626 and 627 show dan- 
gerous handling. 

All transfers in the hospital are also 
guarded. Correct handling is illustrated in 
Figs. 628 and 629. MTien the patient is 
rolled onto the back, a pillow is first placed 
on the bed or stretcher opposite the frac- 
tured vertebra and the patient rolled from 
prone to supine with a pillow under the 
fractured region. 


Xeurologic examination should precede 
all others. Such examination should include 
patellar reflexes, heel-cord reflexes, Babin- 
ski reflex, and cutaneous sensation covering 
the areas of the peripheral nerves. Voluntary 
motions to be tested are dorsiflexion, plan- 
tarflexion, inversion and eversion of the 
foot, and flexion and extension of the knee. 
If massive paralysis is present, the whole 
lower extremity should be lifted from the 
bed and allowed to drop. If an effort, how- 
ev'er feeble, is made on the part of the 
patient to arrest the drop, continuity of 
the cord must be assumed. If strong pres- 
sure posteriorly on the big toe, with the 
interphalangeal joints flexed, elicits pain, 
and an effort to withdraw the extremity is 
exhibited by muscle contraction an>'where 
from the groin down, continuity is also sug- 
gested. 

If the cord or cauda equina has been 
severed or so badly contused as to involve 
destruction, the above signs are negative 
and careful study of roentgenograms and 
the general status of the patient determines 
whether immediate measures should be ap- 
plied or definitive treatment postponed. 
Since it is impossible to decide from the 
signs whether or not permanent and irrepa- 
rable damage has been done, the question 
of immediate reduction of any bony de- 
formity by hypere.xtension should be con- 
sidered, for the reason that, if pressure 
exists, it is important to decompress imme- 
diately. 

Reduction. A highly efficient set-up 
ready for reduction is shown in Fig. 630. 
Several t>‘pe3 of commerdal fracture tables 
embodying the mechanics essential to foot 
suspension are available. Extemporaneous 
set-ups consisting of an adjustable ham- 
mock, a mast or other overhead fastening 
device, and block and tackle may be impro- 
vised. Note in Fig. 631 that the telescoping 
mast has been opened to full height. 

Without anesthesia and usually with- 
out opiates, the patient is asked to hold 
himself from sliding by hanging on to the 
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Fig 628 Correct first aid in prone position uses anterior longitud nal liga 
ment as check strap Actually tends to reduce compressions by tensing anterior 
ligament 



Fig 629 Method of hospital handl ng Roll ng the bundle (1) Canvas 
hammock in place (2) adjustable rack to raise hammock (3) table 
leaves in place (4) one hand on shoulder one on buttocks prevents 
rotation at point of fracture 



CLASSIFICATION OF SPINAL FRACTURES 


end of the table. The table leaves are 
lowered away. 

The feet are then simply elevated. The 
suspension operation occupies but a few 
seconds. The free end of line is secured. 
If the thoracolumbar angle is not suf- 
ficiently hyperexteuded, the hammock is 
then slackened away. 

The position is then scrutinized. The cri- 
teria of correct position are as follows; 

^ 1. Note that the suspension point is fully 
12 inches distal to the ankle slings. This 
insures the factor of horizontal traction so 
essential to protection of the posterior arch. 

2. Note the angle of inclination of the 
lower extremities; 45° is found to be Ideal. 
Less elevation exerts too little traction on 
the anterior common ligament More eleva- 
tion may dangerously compress the pos- 
terior arch. In Fig. 631 the open space 
pictured at the point marked “1,” between 
the anterior spines of the ilium and the 
hammock, is an index of adequate hyper- 
extension. The width of the span of the 
hand of open space is a sufficiently accurate 
gauge of clearance at this point. 

3. During foot suspension, the project- 
ing spinous process may be observed or 
palpated. The prominence disappears dur- 
ing the procedure. 

Next a plaster jacket is applied. The 
jacket is long in front, shorter behind, and 
well modeled into the lumbar curve. Fig. 
632 shows the essentials of a properly 
applied jacket. Plaster should be well 
modeled above the crests of the ilia to as- 
sure a firm nonlelescoping hold on the 
peMs. In Fig. 631 the space “1” is awkward 
to handle. As circular plaster is being 
applied, turns are alternately made around 
the torso and through the space. In addi- 
tion, a plaster slab is introduced and made 
to fit snugly from the upper limit of the 
space to the pubic riro. If this detail is 
planned in advance, no difficulty is ex- 
perienced. The plaster jacket must reach 
anteriorly from the sternal notch above to 
the pubic rim below, posteriorly merely 
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from the lower angles of the scapulae to the 
gluteal folds. 

Fifteen to 20 minutes is allowed for the 
plaster to dry. The hammock is then raised 
if necessar>' to permit replacement of the 
table top. After the leaves are in place, 
the stretcher is brought alongside, the ham- 
mock is slackened away, allowing the chest 
to rest on the table; the patient is then 
rolled into the supine position on a pillow, 
or is shifted in the prone position. Mean- 
while, the tackle lowers the legs. 

The day following the reduction, a check 
radiogram determines the degree of reduc- 
tion. If restoration of vertical height as 
measured by calipered comparison with the 
bodies above and below the involved one 
is insufficient, another manipulation should 
immediately be considered. Comparison of 
the original radiogram with those following 
the manipulation should be made to de- 
termine if obstruction to reduction can be 
detected. If not, re-manipulation is in 
order, using foot suspension combined with 
a forward thrust at the level of the in- 
volved vertebra, but not directly against 
the posterior ardi. This time, with the feet 
fully suspended and with more hj-perex*. 
tension ^an before, a forward thrust Is' 
made with thumbs two inches lateral to the I 
midline. 

Very rarely is it necessaiy’ to re-manipu- 
late. The foot-suspension method, using 
only graWty with the factors of horizontal 
traction and hjperextension leverage as 
described, may be expected to reduce un- 
complicated crush fractures of the thoraco- 
lumbar region completely. 

llTien the plaster has dried, the table 
leaves are lifted in place and canvas lengths 
slackened off. Meanwhile, an assistant oper- 
ates the block and tackle, exerting more 
traction if necessary to maintain hjper- 
extension, a pillow or two having already 
been placed in the bed opposite the point 
of maximum forward curvature of the cast. 
Simultaneously, the block and tackle is 
then slackened off and the patient is rolled 



Fig 630 



Fig 631 





Fic. 631 A. H>perextension wilh skin-fitU'Dg hammock (1) lodi* 
cates h>'pereTtetision thnist of levers; 45* movable lever ends in 
crushed centrum. Upper lever remains relatively unchanged. Ratchet 
permits any desired degree of hj-perertenslon. 


The plaster is then allowed to remain ex- Convalescence. After si.x weeks of such 
posed to air for about half an hour to permit recumbency in bed, check x-raj-s are again 

evaporation and hardening. taken to determine particularly \ertical 

The patient is then instructed to roll height in the lateral projection. The pa- 

I about as he pleases, always in the horizon- tienl is examined for loss of weight and the 

I tal, never sitting up. He may be face donn, question of a new jacket is entertained 


Fig. 630. Set-up for uncomplicated thoracolumbar compression fractures- (1) Geared tele- 
scoping mast permits quick adjustment of suspansion. (2-3) Block and tack'e nith spreader. 
By adjusting mast to maximum height, opening block and fall to table le\el, then using free end 
of line, the feet are suspended in a few seconds and the free end fastened to the cro’s bar. (4-5) 
Hammock and rack adjusted to clear undetstnicture. (6) Crank slackens or tenses canvas ham- 
mock. (?) Table top is dropped for jacket application. (8) Cassette holder adjustable to vertical 
plane for radiogram. 

Fig. 631. Tj-pical reduction of uncomplicated thoracolumbar crush fracture. (1) Ample 
clearance between anterior spines and hammock affords inde.x of adequate h>p?re.xtension. 
(2) Hammock ma 3 ’ be lowered with crank to further increase hj-perexlcnsion. (3) Sheet 
wadding cushions bolder. (4) Holder loop of cam-as with ring to suspend. (5) Canvas ham- 
mock. (6) Weight of chest carried by hammock. (7) Maximum h^pere-xlension obtained at 
region involved. 
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Ordinarily a new jacket is not needed at 
this time There is ordinarily no weight 
loss If the jacket has been made of proper 
dental plaster its integrity can be depended 
upon 

The patient is then not only allowed to 



Fig 632 Typ cal hyperextension 
ambulatory jacket (1) Top at level of 
sternal notch (2) bottom at level of 
pub c crest (3) Posterior top level 
clears lower angle of scapula (4) pos 
tenor bottom level with pubic crest 
(5 a b c) three point pressure hold 
guarantees maintenance of hyperexten 
Sion 

be freely ambulatory but is encouraged to 
walk about as much as possible preferably 
up to two miles a day as soon as be feels 
up to this task The object of ambulatory 
activity at this time is to induce perpen 
dicular trabeculations in the callus The 


vibrational influence of wall mg serves to 
induce the necessary trabeculations for un 
restricted weight bearing It is not only im 
portant to start walking at this time but it 
is considered definitely harmful to keep the 
patient recumbent because as is well 
known structural trabeculations are the 
direct result of imposed strain 
Few cases exhibit lameness due to the 
hyperextension Most cases require no phy 
siotherapy other than the rehabilitation of 
the musculature through ordinary use 
However where lameness is a feature pos 
tural exercises are given to develop the 
abdominal muscles Obviously the abdom 
mal muscles have been overstretched owing 
to the hyperextension position The patient 
IS then instructed to sleep on hjs back with 
pillows under the knees and to reduce the 
size of the pillow under the head A piece of 
plywood IS put in between the mattress and 
the spring to firm the bed somewhat This 
position allows the abdominals to shorten 
and the spinal muscles to lengthen The 
forward curve of the lumbar spine is thus 
reduced The patient is then given straight 
leg raising exercises to develop power in 
the abdominal muscles This with the pos 
sibility of the necessity of «ome massage to 
the posterior musculature is ordinarily suf 
ficient within a week or two to rehabilitate 
the patient quite completely 
An additional criterion as to the status 
of the callus in the centrum is that of deep 
percussion or thumping over the spinous 
process The involved vertebra remains 
tender to such deep percussion until com 
plele structural restitution has taken place 
Existence of such tenderness should con 
stitute a sufficient reason to investigate for 
detail and continue protection of some kind 
whether it be a cast or a brace Ordinarily 
however such tenderness is not experienced 
nor does lameness of the musculature per 
sist so that at the end of three months the 
average patient can go footloose and free 
and completely confident of a sound back 
Another technic for the reduction of 
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thoracolumbar compression fractures Js 
that of Watson-Jones. Fig. 633 shows the 
set-up, mechanics, and hj^perextension ob- 
tainable.* 

MiDTiiORAac Type 

For lack oi a better method of delineating 
this region, it may be described as that part 


leverage component is of greater impor- 
tance, and there is greater reason for limit- 
ing the therapy to the point of fracture 
The set-up consists of a low table, two 
standards to hold the irons, and a pair of 
Goldlhwait irons. Such irons may be made 
of (1) properly tempered strap iron which 
can be molded with a pair of wrenches to 



Fig. 633. Watson-Jones technic for reduction of uncomplicaied crush fractures 
(1) Tjpical operating table being elevated the required amount to support 
shoulders; (2) stationary table to support thighs. 


of the prominence of the dorsal curvature 
contained within the fourth to the ninth 
thoracic vertebrae. From the standpoint of 
therapy, special mechanical considerations 
must be taken into account to attain byper- 
estension in this region Compared to the 
thoracolumbar region just described, the 
midlhoradc region is relatively Axed, the 

• .Y complete de'Cription of tins technic is con- 
tained in W'atson-Jones, R.. Fractures and Other 
PiOSK and Joint Injuries, EaUimore, WtUoms and 
\ViIUns Co. 


exert forward pressure in the immediate 
region of the fractured centrum, or (2) 
spring steel, and brought together with an 
adjustable mechanism (Figs. 634 and 635). 

Where the molded irons are used, a stock- 
inet shirt is first applied, scratchers are 
introduced fore and aft, and the patient is 
rolled from the stretcher onto the irons. 
He holds himself balanced by holding onto 
the table below and a plaster jacket is ap- 
plied. It is necessary in using the irons to 
mold them so that the shoulder girdle and 
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head are v.ell below the level of the frac the patient is very uncomfortable because 
tured centrum The component of traction of pressure of the irons aga nst the bony 
IS thus introduced from the summit of the prominence of the ribs \ery little difficulty 


Fig 634 



Fig 635 

Fig 634 Set up with Goldthwait irons in place (1) yS inch spr ng steel straps 
— space between straps 2 inches (2 2a) holders for straps <3) crank, to adjust 
curvature of straps 

Fig 635 Hjperextension with Goldthwait irons (1) Crank squeezes irons into 
extens on (2) irons 

curve of the iron to the head and foot of is encountered in attaining complete verti 
the patient Care should be exercised to «ee cal restoration if the arc of curvature of the 
that such irons are not separated more iroib is sufficient Again there is no need for 
than two inches from each other otherwnse anesthesia or opiate The recumbent ambu 
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lator>’, and rehabilitation periods are the 
same as for the thoracolumbar tj^je. 

Upper Thoracic Type 

Under this heading again there is reason 
for therapy designed for the anatomic pe- 
culiarities involved. The difficulty at this 
point is both the difficulty of complete 
reduction of anterior vertical height and 
retention of vertical diameter once the ver- 
tebra is reduced. The superimposed head 
and neck tend constantly to move forward 
so that the head and neck must also be 
incorporated in the jacket. The set-up con- 
sists of the special table depicted in Figs. 
636 and 637, in nhich the hammock is used 
up to the point of fracture, the head and 
neck being allowed to droop over an im* 
pinging edge. 

If such special table is not a\'ailable, 
alternate methods may be devised, such as 
laying the patient over the edge of an ordi- 
nary plaster table or over a crossbar 
mounted on the Goldthwait irons, provided 
there is free space beyond the end of the 
crossbar sufficient to allow sagging of the 
head and neck, or an improvised hammock 
similar to the one shown mounted on the 
fracture table may be used (Fig. 630). The 
advantage of the set-up depicted in Fig. 636 
is that, when properly assembled, the pro- 
cedure is as quickly done as though it were 
a fracture lower down. For this procedure 
the spinous process of the involved centrum 
must be marked. 

As in the loner spine, the patient again 
is rolled onto the hammock; a point is 
chosen three inches lower than the mark. 
f\n assistant watches the patient from here 
on so that there is no shifting or sliding 
down in the hammock. The mark must al- 
ways remain clear of the crossbar or point 
of impingement, otherwise there is the dan- 
ger of pressure on the spinous process of 
the involved vertebra. There is also the 
possibility of destroying the medianical 
purpose, since, if the bar were above the 
marked point, no useful leverage could be 


expected. A head rest must be supplied 
whether it be of pillows or other material 
or as illustrated in Fig. 637. The head and 
neck must be allowed to fall into extreme 
extension but only by the gravity force of 
the head’s weight. 

A ilinerva jacket is then applied. The 
jacket obviously must reach from the crests 
of the ilia to the chin. Speed in the applica- 
tion of the plaster may be considerably in- 
creased by having a number of plaster slabs 
made as the circular plaster is being ap- 
plied. Such plaster slabs pass around the 
head, if the head is to be included, unite 
the chest portion with the jaw portion, and 
can be used as both back and front perpen- 
dicular pieces, all of which saves a good 
deal of the weight of the plaster and is 
therefore much easier to endure for the long 
period during which the patient must retain 
his position. 

It is the author’s opinion that in this 
region it is- not so important to gain the 
last increment of vertical height as it is in 
the more movable sections of the spine, 
such as the cerA'ical and lumbar, so that if, 
for example, it is found afterward that there 
is a 15 to 20 per cent loss of vertical height, 
it would not be considered important enough 
to attempt a more drastic method aiming at 
complete vertical height. 

After many attempts at retaining full 
height of the body in such upper-thoracic 
compression fractures and having failed in 
most cases to retain the full reduction, the 
author is of the opinion that the idea of 
immediate fusion of the two or three ver- 
tebrae involved should be entertained. The 
inevitable tendenc)' of this section of the 
spine, bearing as it does the weight of the 
shoulders and the head, is to gravitate 
downward and forward. If the Minerva 
jacket fits closely enough to maintain the 
last increment of vertical height, it is un- 
bearable to live with. Lateral projections 
at the time of reduction using the method 
outlined above have shown complete resto- 
ration of vertical height. Several days later, 
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adjust hammock (3) head re«t (4) blanket or other cushion for hard edge of 
hammock rack (5) adjustable hammock 



Fig 637 Minerva jacket application for cervical and high thoracic 
le'ions (1) Withdrawable cros bar (2) grooving of plaster for firm 
hold on mandible (3) head rest permits full hvperextension (4) 
bottom level of jacket at pubis (5) adjustable hammock (6) ad 
justable for height 
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however, it is found that the vertebra has 
again collapsed. If such collapse represents 
25 per cent or more of the vertical height, 
immediate fusions should be considered be- 
cause of the threat of a painful spine due 
to the accompanying distortion of the pos- 
terior facets. Much time will thus be saved 
the patient since his convalescence is not 
prolonged by the fusion although be must 
still be fixed in a Minerva jacket. Because 
of the verj’ limited range of motion in this 
section of the spine, fusion entails but very 
little loss of flexibility. 

Cermcal — Third to Seatniii 

This region of the spine is verj’ definitely 
delineated for therapeutic purposes. The 
medical profession should assume responsi- 
bility for the handling of fractures or dis- 
locations of the cervical spine from the time 
the ambulance service sees the patient 
through to the time he is fully rehabilitated. 
Because of the increasing incidence of 
cervical-spine injuries due to automobiles, 
the house officers and ambulance attendant 
need special instruction at the time they 
begin their service. 

The first aider should first grasp the head 
and exert traction in extension. Others can 
do the necessao' lifting. The patient should 
be laid supine on the stretcher. One or two 
ordinary pillows or a folded blanket, sand- 
bag, or folded coal can be placed under the 
shoulders and neck. The head is thus al- 
lowed to sag backward. The patient is then 
guarded by constant attendance at the bead 
and taken directly into the hospital bed, 
not to the x-ray room. A temporary' halter 
should be placed around his chin and 
occiput and five pounds of traction applied. 
The head of the bed is elevated on 12-inch 
blocks, the head still remaining in h>’per- 
extension. Then a portable x-ray should be 
taken— a lateral, only, to begin with— in 
order to locate the area of involvement. 
Later, if sf>ecial radiograms are needed 
through the mouth to show odontoid or 
high up for first and second cervical frac- 


tures, these are taken, but if the involve- 
ment is in the region of the fourth, fifth, or 
sixth, which it commonly is, then a Crutch- 
field tongs is applied (Figs. 638, 639, 640, 
and 641). After the tongs are applied, the 
head can be raised or lowered with a nicety 
impossible with any but skeletal traction. 
The introduction of the tongs is completely 
painless and the control of the head com- 
pletely effective Meanwhile, a careful neu- 



Fic. 638. Tongs are applied trans- 
versely to vertex of skull in a vertical 
plane passing through articulations of 
cerv'ical spine. Mastoid tips are ap- 
proximately within this plane and ser\’e 
as satisfactory landmarks. (Courtesy, 
\V. G. Crutchfield ) 

rologic examination will have been made. 
The procedure thus far has been aimed at 
the prevention of damage to the cord due to 
handling. 

It must be realized that, in cervical 
spines, deformity is probably much greater 
at the time of the fracture than at the time 
x-ray is taken. Recoil has already taken 
place, so that more damage must be as- 
sumed than the picture would have us 
believe. If the head is completely under con- 
trol, the patient comfortable and relaxed, 
and the head in adequate fajperextension, 
most of the reduction already has taken 
place. For the average case but fiv'e pounds 
of traction is necessary’. In occasional cases, 
up to 45 pounds has been used. The head of 
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the bed is elevated on 12 inch blocks uni- 
versally in all cervical spines so as to use 
the body for countertraction 
A simple crush fracture of a cervical 


spine fractures are treated with infinitely 
greater delicacy than regions lower in the 
spine No difficulty whatever has been ex 
penenced in simple crush fractures not 



Fig 639 (A) Tongs are designed so traction bar can be used as 
a guide for correct placement of tong points Traction bar is turned 
down and placed against scalp with arrow pointing to micllme of 
skull Tong points are then lowered to scalp and points of contact 
marked with a dye to indicate level of proposed stab wounds (B) 
Scalp is injected with no\ocaine, and stab wounds large enough to 
admit tong points are made down to skull (C-D) Perforations of 
outer table of skull are prepared by using a small drill point about 
2 mm in diameter which is forced to a depth of approximately 3 
mm (Courtesy, W G Crutchfield ) 


vertebra ordinarily reduces it«elf with this 
simple tongs traction in hyperextension 
with, in the average case, but hve pounds 
of weight attached Strong arm methods are 
of no avail and may be damaging Cervical- 


accompanied by paralysis involving this 
region The most frequent error seems to 
be that of insufficient hyperextension One 
may depend completely upon the anterior 
longitudinal ligament to prevent over- 
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hj’perextension. (See footnote, p. 776.) The 
patient simply lies on his back on an air 
mattress or a sponge-rubber mattress and 
there is ordinarily no difficulty about the 
bed care in such cases, since the buttocks 



been employed to prevent excessive 
penetration. In average adult skull, this 
technic should give rise to penetration 
not deeper than diploe. Greater penetra- 
tion is usually unnecessary. After open- 
ings have been prepared, tong points 
are fitted into bony perforations and 
made secure by adjusting thumb screws 
WTien tongs are properly locked, points 
will not bore in. (Courtly, W. G. 
Crutchfield.) 

can be raised by the patient himself and the 
torso can be twisted somenhat without dis- 
turbing the area of fracture. Position is 
guaranteed by the skeletal traction. The 
usual cloth halters passing around the chin 
and ocdput are verj’ distressing, cannot be 
removed for shaving, usually result in pres- 
sure sores, and keep the patient in a con- 
stant state of agitation. Crutchfield tongs 
are a ‘complete answer to uncomplicated 
cer\‘ical fractures. The patient simply re- 
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mains with the traction applied a sufficient 
length of time to form fibrous callus. 

Several methods of fixation may be used 
as soon as the fibrous period, approximately 
three to five weeks, has been reached. Frac- 
tures of other parts of the body may make 
the prompt application of a plaster collar 
or Minerva jacket awkward. If, for example, 
a fractured femur exists and traction is in 
place for such a femur, it may be found 
preferable from the standpoint of the pa- 
tient’s comfort to await firm callus forma- 
tion in the femur before the tongs are 
removed and the plaster jacket is applied. 
AkTien the time arrives to release the patient 
from the head traction, two different meth- 
ods are eligible. A cast including the chin. 



Fic. 641. Traction control dur- 
ing change of position. (Courtesy, 
W. G. Crutchfield.) 


occiput, and upper half of the chest may 
be quite suffident, if properly e.xecuted, to 
hold the cer\-ical spine well hj-perextendcd 
throughout ambulatory treatment and struc- 
tural callus formation. If, for one reason or 
another, such a short plaster is deemed in- 
advisable, then recourse to the long jacket 
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from the crests of the iha up to and includ 
mg the entire head may be applied with the 
set up as illustrated m Fig 637 
If for some extraneous cause (such as 
internal medical disease or pneumonia) it 
proves desirable to have the patient ambu 
latory at a very early date a bivalved 
plaster collar may be applied (Fig 642) 



Fig 642 Bualved plaster collar 
Uhen bound together on patient and 
buckled prevents movements in flexion 

In this case longitudinal plaques or plaster 
slabs are laid over a piece of felt which has 
previously been fitted to the chin neck and 
chest so as to have a guaranteed hyper 
extension section in front with (he maxi 
mum amount of spread between the point 
of the chin and the chest With this com 
pleted the tongs may be removed from the 
head the anterior shell bound by a bandage 
around the neck and the patient rolled over 
prone W ith the plaster half collar in place 
the bandage is then removed and a shorter 
posterior half is made in the same manner 
over a piece of felt which has already been 
patterned to fit By means of these two 
halves bound together with a buckle strap 
it IS possible to maintain complete hyper 
extension provided accurate fitting and ex 
treme hyperextension have been attained 
The advantage of the split collar method 


THE SPINE 

IS that it does not require the removal of 
a patient to a table or other special appa 
ratus which before fibrous callus has 
formed would obviously jeopardize the 
position of the fragments 

Convalescence The period of convales 
cence in fractures of the cervical spine is 
no different from that in other fractures of 
the spine Three months is ordinarily the 
limit of fixation and during the two to four 
weeks following removal of splintage the 
necessary physiotherapy is brought to bear 
to limber the neck muscles Frequently the 
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Fro 643 Schantz collar (1) 
Stockinet 8 inches w tie and 6 feet 
long (2) Filler — 12 layers of 8 inch 
sheet wadding (3) Cotton tape to 
lie (4) Start under chin wrapping 
snugly around neck Conform to 
maintain necessary degree of hyper 
extens on 

muscles of the cervical region are painful 
during the period immediately after the 
splintage is removed If so a comfortable 
Schantz collar is applied (Fig 643) In 
order to make such a collar a piece of 
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stockinet 72 inches long and 8 inches wide 
is filled with a dozen layers of sheet wad- 
ding of the proper width, the ends stitched, 
and a piece of tape sewn to one end. The 
collar is started under the chin, wrapped 
firmly around and around the neck, and 
finally tied with the tape. 

Cer%ical —First and Second 

Treatment of fractures of the first and 
second cer\-ical vertebrae is ver>’ little dif- 
ferent from that for the rest of the cervical 
spine. However, because of their structural 
individuality, they must be considered in a 
separate group. By all odds the most fre- 
quent injury’ at this point is that of dis- 
location involving the odontoid process and 
separation of the atlas from the a.Kis. Per- 
haps the mret eaacling detail in the case 
of these two vertebrae is that of roentgen- 
ography. Jlodem high-powered radiographic 
units demonstrate many more fracture tines 
in the atlas and the body of the axis than 
v\as possible a few years ago when such 
apparatus was not available. Odontoid frac- 
tures are easily shown through the wide open 
mouth, provided clear detail of the atlanto- 
axial articulation Is shown. Since these 
joints appear at the same level as the base 
of the odontoid, when a cleat space is shown 
between the two components of the atlanto- 
axial articulation, the base of the odontoid 
and its fracture line will be shown. Lateral 
detail will show more readily Tf the odontoid 
has been displaced forward or backward, 
but if there is no displacement it may be 
very difficult to identify a fracture line. 

The anteroposterior view is much more 
dependable. During the anteroposterior 
roentgenography it is well to place a straight 
edge from the base of the occiput to the 
lower margin of the upper teeth. llTien 
these points are brought parallel to the 
straight edge and the straight edge is found 
to be perpendicular to the plate, the posi- 
tion is optimum to exhibit the odontoid. 
In the absence of other evidence of fracture 
or dislocation in the neck and the failure at 


first to show fault in the first and second 
cervical, it is well enough to make a second 
search, particularly if there is persistent 
muscle spasm because of the difficulty of 
roentgenography in this region. Recent im- 
provements such as the laminagraph and 
projections through the foramen magnum 
may be helpful. Again provided neurologic 
evidence is lacking, fractures of the first 
and second cervical are best treated with 
Crutchfield tongs. The same sequence ob- 
tains from the place of the accident to the 
hospital bed, the halter traction, then the 
x-ray, then detailed roentgenography and 
maintenance of traction in hyperextension, 
except when the odontoid does not seem to 
come in correct relation to the second be- 
cause it is found to stay too far backward 
In this case it may be necessary to eliminate 
hyperextension, by pulling in a straight line, 
or even to introduce moderate flexion. This 
can be done easily with the Crutchfield 
tongs by simply elevating the traction ap- 
paratus. 

On account of the great range of mobility 
between the first and second vertebrae, dis- 
location is practically always a feature. 
Fractures involving these two vertebrae are 
kept in position in bed for a considerably 
longer period than are crush fractures of 
the cervical spine. The odontoid has very 
little to come and go on in the matter of 
callus formation— the fracture surfaces of 
the fragments are verj’ limited. The move- 
ments of the bead verv’ easily can prevent 
union if the odontoid does not fit accu- 
rately (Fig. 643 B). 

Fig. 644 visualizes differences in treat- 
ment based on the anatomic peculiarities of 
the region involved. 

In Fig. 645, Ca'e E. G . the left illustra- 
tion visualizes the levers, fulcra, and coun- 
teracting pull of hyperextension. The right 
half of the picture illustrates the complete 
restoration of form, and especially height, 
ordinarily attained in pure crush fractures 
as a result of foot suspension. 

Fig. 646 shows a t.vpical reduction with 
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Fic 643 \ Reduction with skeletal traction under roentgenographic con 
trol th s method con ist» of gradual reduction b\ proper application of 
skeletal traction method In ca e> of bilateral complete dislocations with or 
without subarachnoid block skeletal traction is applied u mg 25 pound, of 
weif'ht pulling in line with \frtebra above di location Lateral films are taken 
at lO minute intervals and it is found that after 20 minutes or more the 
proces es are unlocked -^t this tune head traction is lowered in order to in 
duce hjperevtension thus replacin'' jumped process Traction is then reduced 
to S pounds or le s In the ca e cit^ author states subarachnoid block was 
completelj relieved (Courtesj Cone and Turner Jour Bone and Joint “^urg 
19 399 ) 
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Goldthwait irons In fractures involving so 
little compression reductions such as this 
are easily attained by this method 

Fractures of Spinous Processes 
Fractures of the spinous processes are of 
small importance Simple fixation of the 
region involved with an adhesive cross strap 
sufficient to guard against the extremes of 
mobility at the point is ordinarily sufficient 
If there is sufficient displacement the distal 
fragment of the process ma> be removed 
under local anesthesia 

Fractures of Transverse Processes 
Contrary to the opinion of a number of 
contributors transverse processes should be 
thoroughly immobilized until x ray evi 
dence of callus is present Fractures prac 
tically always occur in the lumbar region 
and due to contrary pull of the attached 
musculature nonunions can easily occur 
When such nonunions do occur (he region 
of the transverse process fracture is painful 
and then it becomes extremely difficult to 
eliminate the pain because of the depth 
through the erector spmae muscles which 
must be traversed in order to remove the 
offending false joint Because of the occur 
tence of nonunion resulting in painful backs 
and occurring with sufficient regularity and 
with sufficient pain to cause prolonged dis 
ability it IS felt that such transverse process 
fractures should not only be placed in a 
body jacket from the pubis to upper chest 
but also the patient should remain recum 

( bent until there is roentgenograpbic evi 
dence of union Union occurs in from four 
to SIX weeks 

It must be remembered that the crura 
of the diaphragm the transversalis ab 
dominis the intertransverse multifidus and 
others of the spinal stabilizers onginale 
from these processes If the patient is up 
and about the distal fragment is under con 
stant motion due to voluntary and involun 
tary movement If it becomes necessary in 
a case of nonunion with painful disability 


the transverse processes will be found much 
more easily accessible from a retroperitoneal 
approach lateral to the erector spmae and 
starting at the triangle of Petit similar to 
the approach for lumbar sympathectomy or 
kidney 

Fractures of Articular Processes 
Such fracture may occur incidental to 
crush fracture or fracture dislocation or in 



Fig 644 Showing the several 
different methods of treatment 
used for simple uncomplicated 
crush fractures depending upon 
section of spine involved (Cout 
tesy The Blakiston Co Philadel 
phia ) 

dependent of such fractures Where a spine 
has been injured and the customary antero 
posterior and lateral films are negative 
such spines ordinarily clear up with re 
cumbency adhesive strapping or other ap 
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proprJate treatment for muscle strain. If 
there is persistence of pain and tenderness 
at the point of the injur>', the spine should 
be studied further. A repetition of the 
anteroposterior and lateral projections is 
indicated, then films taken with the bodj' 
rotated about 30 to 40°, first on one side and 


Fractures of Laminae 
Direct violence against the spinous proc- 
ess from behind may fracture both laminae 
and countersink the posterior arch suffi- 
ciently to cause direct cord pressure and 
j)aral>'sis — therefore paraljsis and evi- 
dence of block rvithout fracture of the 



Fig. 64S. Case E. G ; (Le/t) Tjpical crush of first lumbar \ettebra LeverSy . 
illustrate traction and counter-traction exerted by vertebra above and below s', 
affected one. Tj^pica! reduction by fool suspension. 


then the other, may exhibit an articular 
process fracture. The chest and the buttocks 
must be kept on the same plane when tak- 
ing such oblique radiograms. However, as is 
stated elsewhere, the hope of discovering 
articular process, lamina, or pedicle frac- 
tures by roentgenogram is remote indeed. 
Such fractures are not ordinarily seen unless 
the case is operated upon and the periosteum 
is reflected. Such fissure fractures are not 
important when associated with fractures of 
the body, for the reason that if the fracture 
of the body is properly handled the usual 
fissure fracture in the process will be im- 
mobilized if the method of reduction of the 
body involves a component of horizontal 
traction. 


centrum should indicate immediate open 
e-xploration with the possibility of lamin- 
ectomy'. 

Unilateral or bilateral fractures of the 
laminae obviously must be caused bj' direct 
violence against the spinous processes, and 
where such a fracture has occurred with the 
presence of paralysis, the spinous process 
with its laminae should immediately be e.v- 
plored because it is obvious that the cord is 
involved. Provided the patient’s status 
otherwise permits, this operative procedure 
is imperative. It is the author’s opinion that 
delay is e.xtrcmely risky. Obviously, a diag- 
nostic spinal tap should be done for the 
demonstration of blood-tinged fluid and the 
Queckenstedt test for block. 
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Hyperextension Fractures of Spine of impact against a spinous process This 
Fractures of this tjpe are extremely rare “"usual conjuncture of mechanics has oc 
because of the unusual conditions required burred resulting m a transver e rupture of 
to disrupt the spine uith this kind of force the anterior longitudinal ligament The 
Nevertheless extreme types of violence of check strap effect of the ligament which 
this kind occasionallj do occur The struc safeguards the cord against damage from 



Fig 646 Case A H {Left) \ery moderate uncomplicated compression of first 
lumbar Reduction with Goldthwait irons {Right) Result three months after reduction 
with Goldthwait irons Note complete restoration of anterior vertical diameter of the 
vertebral body 


tural iron worker may fall backward for 
from 10 to 20 feet striking an iron beam 
crosswise in the lumbar region Thus the 
leverage of the weight of both ends of the 
body IS directed against the middle and a 
verj serious avulsion fracture of the cen 
trum IS the result Thus it ma> transpire 
that two 90 pound levers representing the 
ends plus the velocity induced by the drop 
combine to exert pressure at the moment 


hjperexlension bem„ destroyed byperex 
tension is not only not effective but posi 
tively dangerous Straight line pull using 
the posterior ligamentous investiture as a 
check strap and under complete radio 
graphic control with application of a jacket 
without hyperextcnsion may serve to restore 
nearly normal conformation of the frac 
tured body 

If however this avulsion type fracture 
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fails to respond to the closed method, oper- 
ative fusion maybe indicated. The diagnosis 
of such hj-perextension fractures max be im- 
mediately apparent from the lateral radio- 
gram showing an open space between the 
fragments of the centrum and increased 
x’ertical height of the bodx. This appearance 
should gix’e the operator pause and from 
this point on extreme caution must be 
brought to bear for fear of dire and imme- 
diate results of treatment. When the an- 
terior longitudinal ligament is thus horizon- 
tally ruptured, hxperextension max cause 
immediate paralysis as a direct result of 
therapy. 

Fortunately, the chance of encountering 
a h>perextension fracture is remote .Auto- 
mobile head-on collisions inx’olve hjper- 
flexion. Falls from a height unless the 
x’ictim strikes back foremost seme object 
transx’erse to the x'ertical axis of the body, 
also result in hxperflexion or jackknifing 
Cax’e-ins o( earth aUo cause a hxperflexion 
squeeze. Obxiously. a careful analxsis of 
how the injury occurred will serxe as a 
forewarning of the hyperextension me- 
chanics Evidence of a contusion ox'er the 
spinous process posteriorly xriU aUo warn 
the operator of the possibility of hxper- 
extension mechanics. 

UmlXTERXL COIIPRFSSION FRACTlREb 

Compression fractures occur in which the 
centrum appears to shoxx a double shadow- 
in the lateral projection Elexen such cases 
have been seen in the la-t 20 years (Sec 
Fracture-Dislocations xxiihout I’aralybis. p 
7S4 ) If such a double shadoxx is seen and 
in the anteroposterior view a deviation to 
the side is seen of the vertebra next above 
the one fractured, one must immediately 
suspect unilateral dislocation of the articu- 
lar process. If further examination rexeals. 
that the u<u3l space bctxxeen the spinou^^ 
processes i'' altered, it makes the picture 
complete. Films taken at 30 to 40® show the 
articular processes more plainly and may- 
be helpful in showing the jumped articular 


process. It is thought that such cases repre- 
sent a spiral tw ist of the torso along with the 
usual fle.x!on “xxhiplash.” The human spine 
does not bend directly- laterally- xvithout the 
accompaniment of rotation any more than 
a blade of grass bends xx-iih its xx’idth with- 
out twisting This analysis of the mechanics 
inxolxed vxhen compression of one half of 
a centrum is greater than the other is help- 
ful in determining therapy-. 

Such cases should be opened in the usual 
manner as in exposure for a fusion. These 
dislocations of articular processes are easily- 
reduced during the first week. Later on, 
hoxxever, it xxill be found impossible to dis- 
engage the jumped process and the late 
cases must be fused if one is to expect a 
painless back. 

iNTFFXERTEBRAL DlSK 

It is impossible to regard a compression 
fracture of the spine or fracture-dislocation 
withoxit considering the fate of the inter- 
vertebral disk Plenty of evidence of a 
roentgenologic kind can be brought forward < 
to show that the nucleus pulposus changes 1 
its position permanently- as a result of a/ 
(cactuce or other injury to the spine. Kar- 
rotxing of the interx-erlebral space is oc- 
casionally seen Obviously, the annulus 
fibro«u» max be ruptured or disarranged as 
a result of fracture lines running through 
the epiphyseal plate or the shifting of one 
xertebra on another, or the momentary in- 
crease of intranuclear pressure at the lime 
of the accident. Rupture of nuclear material 
through fissures of the cartilaginous plate 
is demon-tratefl either as a permanent alter- 
ation of the form and size of the interx-er- 
lebral space, or as an area of rarefaction 
(Schmorl’s nodule). 

By and large, the intervertebral disk, in- 
cluding its nuclc.ir material, may be dis- 
reganled for the reason that the nature of 
sequelae are such that they do not point 
toward the interxertebral disk as account- 
able for n'sidual painful symptoms. Neuro- 
logic signs attributable to disk injury have 
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so far not seemed to feature as a cause of 
painful disability The reason for this is 
thought to be that the usual site of sub 
dural ruptures of the intervertebral disk is 
at the point of the fourth and fifth lumbar 
intervertebral spaces The incidence of frac 
tures at this point is small Higher up m 
the spine the intraspinal course of the 
nerve roots is much shorter and therefore 
not exposed to intraspinal or extradural 
pressure 

General Considerations Governing 
Pure Dislocations Pure dislocations are 
hmiled to the cervical portion of the spinal 
column The whiplash mechanism in 
volved in most injuries of the cervical spine 
produces various degrees and combinations 
of lesions IVhether the accident be due to 
an automobile head on collision losing one s 
footing headlong falls or the sudden let 
ting go of long handled wrenches the 
mechanism of production is always the 
same The weight of the head obeying 
the laws of gravity inertia and momentum 
tends universally to hyperflex the spine 
beyond normal range Immediately follow 
ing such hyperflexion a spontaneous recoil 
occurs initiated by the strong posterior mus 
culature The fact also that one of the most 
universally instinctive reactions is for the 
individual to recover himself to the point 
of restoring his vision to the horizontal level 
augments thtf* recoil impulse This spon 
taneous recoil factor iti the cervical spine 
serves to conceal m varying degree the de 
tail and extent of the lesion Were it pos 
sible to photograph the extreme of deform 
ity fracture or dislocation at the moment 
of extreme hyperflexion a much different 
appraisal of the structures involved would 
be possible In the cervical region partial 
larly therefore allowance must be made 
for some degree of spontaneous reduction 
when the first films are seen 

Reasoning therefore from evidence af 
forded by the pathological changes seen in 
complete dislocations the following stnic 
tures m the order of their sequence are 


those most frequently involved (1) The 
capsule of the posterior articulations (2) 
the interspinous ligaments (3) the posterior 
common ligament and (4) the posterior 
fibers of the annulus fibrosis 
Injuries not involving fracture therefore 
may be graded as luxations of the posterior 
facets old creeping or migrating luxations 
involving neglected fresh luxations of the 
facets unilateral dislocations involving an 
element of twist with hyperflexion bilateral 
dislocations m which the facets are impaled 
on the pedicles of the subjacent vertebra 
and finally complete dislocations with sever 
ance of the cord the only ligamentous 
structure ordinarily remaining intact being 
the anterior longitudinal ligament which 
even in such extreme cases is found to be 
lifted off but not severed transversely 
It IS realized that in the case of cervical 
dislocations unless special study has been 
given to the subject by the surgeon ma 
nipulations of any kind are fraught with 
danger Skeletal traction such as the 
Crutchfield tongs affords has by now proved 
Itself of surprising efficiency Mhen prop 
erJy executed it can be expected to reduce 
most of the dislocations and fractures of 
the cervical spine— m fact it may be said 
that it has largely superseded the more 
hazardous manual manipulative methods 
such as the Walton and Taylor technics 
herewith described Fig 643 A is an ex 
ample of the remarkable ease and precision 
with which severe bilateral dislocations 
may be reduced Nevertheless the Walton 
technic for unilateral dislocations as well 
as the Taylor manipulation for bilateral 
dislocations are highly effective and must 
be kept in reserve for cases which do not 
respond to skeletal traction \ er> careful 
an^ysis in all cases in which patients are 
submitted to manipulation should be made 
however before manual reduction is at 
tempted Skeletal traction nevertheless has 
largely superseded manipulative methods 
and seems by far the safest and simplest 
method 
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At this point it is important to remember 
that pulling in a straight line is without 
danger because of the check-strap effect of 
the anterior longitudinal ligament. It is also 
important that once the dislocation is re- 
duced, full hv'perextension should be at- 
tained, all traction removed, and a hv^er 
extension collar applied It is of the greatest 
importance that the posterior capsular liga- 
ments which have been disrupted be fulh 
restored in hy-perextension so that these 
ligaments may heal soundlj in their shortest 
length, othernise healing by scar and a 
weakened capsule nill result. This in turn 
with the normal use of the head to full 
range will result in a migration forward 
over a period of weeks, months, or jears. 
resulting in the chronic luxation tj^e de- 
scribed elsewhere 

UxitATERAL Cervical Dislocations 

Pure dislocations are limited to the cer- 
vical spine. Unilateral dislocations of the 
cervical spine occur largely in the upper 
three vertebrae Roentgenography may or 
may not exhibit conclusive evidence of 
unilateral dislocation. Usually, however, the 
lateral roentgenogram shows dislocation cf 
the body somewhat forward, the antero- 
posterior shows disalignment. Again be- 
cause of the inability to show the posterior 
arch adequately, diagnosis by inference 
from the position of the head is necessar>'. 
The head is rotated toward the opposite 
side from the joint dislocated {Fig. 647). 
The head is also tilted away from the side 
of the dislocation. 

The Walton technic is unquestionably the 
superior method for the reduction of uni- 
lateral dislocations. The patient is laid 
supine (Fig. 64S). The aim is to use the 
well side as a fulcrum to rock or derotate 
the jumped process first upward, then back- 
ward, and then into tx'pical hj'perextension. 
In the case of a right dislocation, the right 
hand of the operator is wrapped around the 
right mandibular region while the left con- 
trols the occiput. With this hold, and the 


patient lashed to the table, the head is 
subjected to longitudinal traction, levered 
to the left, then simultaneously pulled back- 
ward and rotated to the right. 

The left hand may also be shifted to a 
position alongside the lateral aspect of the 



Fig. 647 Unibteral dislocation of 
cervical spine Note difference in align- 
ment of upper senes of three with lower 
series. Therefore necessary tilting of 
head to right; wrjmeck and positive lock 
of jumped left third process. 

neck on the well side. Strong pressure with 
this hand helps stabilize the fulcrum, being 
used as a pinion to lever the dislocated 
process up and over the one below. 

Free movement of the head in ail direc- 
tions is the criterion of reduction. Extreme 
hj^perextension as in bilateral dislocations 
must be maintained for at least four weeks 
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Fig 64S Set up for unilateral cenical dislocation \\ alton man pulation jn process 



Fig 649 Melhod of appl>ing sttaiRht line pull for bilateral cer\ical dis'ocation 
(A) Halter purchase on occ put and chin Note band extendins around buttocks 
01 operator (B) Counter traction bands lash shoulders to perineal po t (Opera 
tors foot abuts against slationarj object on floor for better purchase > 
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for a firm ligamentous repair of the joint 
If complicated by a demonstrable fracture 
line, t hree m onths of adequate splintage is 
considered necessary to prevent recurrence 
of painful symptoms. Persistent pain indi- 
cates recurrent dislocation or a creeping 
luxation. 
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If such a table is not available, an ordi- 
nary operating-room table can be put in the 
Trendelenburg position with the patient 
Ijdng supine The patient is fixed to the 
table by passing straps of wide bandage 
around and above the shoulders and fasten- 
ing the ends of these slings to a lower point 



Fig 650. Case W S (Lejt) Complete bilateral dislocation of fifth cer\’ical forward on 
sixth (Rig/it) j^fter reduction by Taylor method 


Bilateihl Cervical Dislocations 
The set-up for this procedure consists of 
(1) provision for traction in the exact hori- 
zontal (Fig. 649), (2) counlertraction pro- 
vided through keeping the torso fixed, (3) a 
suitable halter for traction on the chin and 
occiput, (4) immediate application of a 
Minerva jacket, and (5) portable x-ray 
equipment to take a lateral picture. The 
fracture table, as illustrated in Fig, 636, 
provides all the requirements for the manip- 
ulation and application of plaster as out- 
lined in the sel-up. 


on the table. As one visualizes the status of 
the spine with a bilateral dislocation (Fig 
630), the jumped articular processes must 
be drawn upward fairly forcibly and then 
the head must be dropped backward, still 
under traction, to a position of hypere.xten- 
sion In order to accomplish this sequence 
of events, the method of reduction devised 
by Taylor is employed. 

A number of descriptions of the Taylor' 
method are available. The descriptions all 
agree in principle, but vary somewhat in 
detail. At this point it is important to re- 
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member the strength of the anterior lot^ the processes below Therefore, pull m the 
tudinal ligament * exact longitudinal axis of the body is highly 

Were it not for this ligament, damage to important The use of the canvas sling 
the cord would undoubtedly ensue as the around the operator’s waist or buttocks and 
result of a longitudinal pull Obvioudy, it attached to the halter affords the operator 
would be a decided advantage to pull the the best mechanical advantage in handling 
head in flexion Pulling in flexion however, the head One hand is placed under the jaw, 
puts the maximum traction on the posterior the other under the occiput, and one of the 
roots of the cord Therefore, it is decidedly fingers of the occipital hand then placed in 



Fig 6S1 Interposed balance in line of traction to find traction strength of 
operator in pounds If this is done as a ptelinunaty against end of table and 
operator pulls to his utmost, the safety factor may be determined m advance 
(See Tensile Strength Determination, footnote, this page ) 


unsafe to pull in flexion Pulling longi- 
tudinally with extension would, in view of 
the check strap function of the anterior 
longitudinal ligament, provide a completely 
safe method of traction but, unfortunately, 
the articular processes will not clear eadi 
other because the traction will be exerted 
principally on the anterior longitudinal 
ligament and the check strap effect of the 
ligament will preclude the possibility of the 
jwiwped processes tlearrwg the swmmrt of 

• In a paper published in 1938 results of a senes 
of tests in sesei cases were recorded These liga 
ments were submitted to strains in a testing ma 
chine to determine stretch and breaking strength 
The results demonstrated an average faking point 
of 337 pounds with no evidence of stretch Tests to 
clefcrmine the pounds of pull necessary for reduction 
showed 80 pounds to be sufficient in the heaviest 
cases The resulting safety factor therefore u in 
the ratio of 4 to 1 Except theretore m cases of 
hjperextension injury or fracture disJoCaftons com 
plete assurance may be left regarding the ability 
of the anterior longitud nal ligament to withstand 
the strain of both the initial injury and the re 
duction 


contact with the cervical spine and its proc- 
esses to determine crepitus Ordinarily, dis- 
tinct crepitus can be felt when the articular 
processes disengage When this occurs with 
full traction still maintained on the bead, 
the head is brought into extreme hyper- 
extension A lateral roentgenogram is then 
taken If reduction has not taken place, 
another attempt using more traction should 
be made 

It waportawt at this point to know how 
much one can pull without doing damage 
Several individuals were tested at this oper- 
ative procedure, using a spring balance 
(Fig 6S1) It was found that at the extreme 
of effort the balance registered 80-125 
pounds Since the breaking point of the 
anterior longitudinal ligament is at its 
weakest 160 pounds, and the average break- 
ing point 337 pounds, it is obvious that 
pulling to the utmost in the standing posi- 
tion as illustrated will not tear the ligament 
or otherwise disrupt the cord or nerve roots, 
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provided the traction is in a straight line space exists between these points. Even at 

involving neither flexion, extension, or the cost of the patient’s looking skyward 

lateral deviation. when he becomes ambulator}’, such hjper- 

The position in which the head and neck extension is necessarj’. The application of 

are placed in relation to the torso is of the plaster with the fracture table illustrated in 

utmost importance (Fig. 652). It must be Fig. 637 is quick, easy, and certain. If, how- 
remembered that in order to dislocate the ever, one is confined to the use of an ordi- 
articular processes to the extent that they nary operating table and, with an assistant 
are completely jumped forward means that holding the head off the end of the table, 
the interarticular ligaments are completely a piece of felt is fitted to the skull and the 
tom. In terms of the ultimate convalescence anterior side of the neck and the chest in 



Fig. 652. After reduction of cervical dislocation. Ready for application of 
plaster cuirass. (1) Brackets to hold table leaves; (2) crank to tense hammock, 
(3) head rest permits extreme extension; (4) lower level of jacket. 


of the patient, it is therefore imperative front to conform to the line of the chin, 
that the cervical spine be hv'perextended to neck, and chest, and angle of the jaw, neck, 
its limit and fixed in this position so that the and shoulders, the felt is modeled to all the 
ruptured ligaments will unite in the short irregularities in this area The plaster then 
position, otherwise the weight of the head covers the felt. 

will cause recurrence of the dislocation. A After this section of the cast has been 
number of newly reduced dislocations of fitted, the patient may be shifted so that 
this tj’pe have redislocated from a lime his shoulders hang off the end of the table, 
shortly after the reduction to times later then the rest of the chest and circular por- 
in the convalescence when the weight of the tion around the head may be applied, thus 
head and flexing of the bead has caused yielding a half jacket, but a half jacket in 
gradually increasing luxation, ultimately which hj'perextension of the neck is guaran- 
requiring a fusion operation to fix the spine, teed. The patient may then be rolled onto 
Perhaps the most important point about a stretcher and a posterior section from the 
the application of plaster is to put the bead ocdput over the neck and shoulders fash- 
and ^in in such a position in relation to loned. These anterior and posterior shells 
the chest that the maximum amount of are then held together with a buckled strap. 
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Either half may be removed for bathing aent to limber up the injured area (See 
uhile the other half remains to hold the Unusual Fractures of Cervical Region Case 
reduction W P Fig 664 p 794 ) 

Convalescence Ordinarily a month is 
spent in such a jacket either ambulatory Cervical Luxations 

or recumbent depending upon the general Since recognizing the importance of 
status of the patient The next day after the straightness of the cervical spine as ex 


Fig 653 Case M M (Left) Typical partial dislocation of cervical sp ne Arrow 
points to slight forward displacement of body of fourth Note elimination of norma! 
cervical forward curvature (Right) Schantz collar m place Normal symmetrical cervical 
curve exaggerated (hyperextended) Discrepancy at fourth intervertebral space has been 
eliminated 


patient becomes ambulatory lateral radio 
grams should be taken to see that the re 
duction is being fully maintained After a 
month provided there is no fracture a 
plaster cardboard or Schantz collar will 
maintain hjperextension for the next two 
to four weeks Ligamentous structures do 
not require the period of fixation necessary 
for fractures m which structural callus is 
necessar> rh>siotherapj ma> or may not 
be necessarj Normal use is usuallj suffi 


hibited by the first lateral projection a 
constantly increasing number of these lux 
ation lesions have been identified The first 
case in the author s hands to come under 
this classification occurred in 1936 (Fig 
653) Since then a technic has been cievel 
oped to demonstrate conclusive!} the dam 
age to the capsule of the posterior articula 
tion \\hen patients report to the physician 
with pain and spasm in the neck with 
variable pam radiation and the first stand 
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ard lateral film shows straightness of the 
cervical spine, this elimination of the nor- 
mal anterior cur\-ature is interpreted as 
being abnormal. This appearance indicates 
the necessity of further study 
Two positions are posed. Position 1. the 
patient relaxed in the sitting position the 


two positions Fig 653 D shows how a dis- 
location is completely eclipsed by the e.x- 
lensor recoil and can be exhibited only in 
extreme flexion. Fig. 634 shons an old lesion 
involving the fourth ner\’e root. Fig. 663 
IS a case involving the seventh root with 
severe causalgia radiating to the radial side 



Fic 653 .\ Skid! and cervical spine with ligaments, from the 
right. (Joint slits p.arlially opened.) (Courtesy, Spalteholz, \V 
Hand-Atlas of Human .\natomv, 7th ed , Philadelphia, J. B 
Lippincott Co.) 


gaze focused on a point level with the eye. 
the patient holding sandbags in the hands 
in order to depress the shouldere; and then 
position 2, the chin-chest position, i e., the 
head pushed forward to approximate the 
chin as near the chest as po«'5ible in order 
to obtain ma.ximum range of forward neck 
flexion. 

Figs. 653 .\ and 653 B show what maybe 
expected normally. Fig. 653 C shows the dif- 
ference in the interarticular space in the 


of the hand and paralysis of the long 
thoracic. Fig. 634 A shows a case with bi- 
lateral shoulder radiation. 

An analysis of 73 cases of the ob«cure 
type heretofore diagnosed as indefinite 
sprain, etc., shows the following distribution 
of root pain: (1) The occipital, (2) the 
third and fourth cervical, (3) the fifth, (4) 
the sixth, (5) the seventh, (6) tho<e in 
which precordial pain of the anginoid Upe 
was a prominent feature, and (7) those in 
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Fic. 653 C. Localization of lesion Four years prior to these 
^-rays patient sustained an efectr cal shock. During the efi'ort 
to withdraw his hand from contact with wires, a severe “throw" 
of the head occurred. Patient experiences occasional pain and 
stiffness tn the neck with shoulder radiation which be relieves 
posturally. Note the straightness of the spine in A. aUo for- 
ward tilting of the body as measured by the body of the fourth. 
Bl shows the e.xcursion of the posterior edge of the super- 
jacent articular process from the subjacent one. B2 shows the 
separation of the posterior edges of the body and the shifting 
of the nucleus to account for this spread B3 shows the ap- 
proximation of the anterior edges and C shows how fajper- 
extension restores all normal relationships (Courtesy, Jour. 
Amer Med Asso.) 



Fig. 653 D. Luxation cerxical xertebrae 2, 3. Child of seven 
years. Automobile accident. Multiple fractures. Could not sit 
up, fell ox’er each time from dizziness. Limited neck mowments. 
Note the dislocation well fonrard at “chin-chest” position. 
Complete recox er>’ in plaster collar. (Left) Standard lateral 
view. (Center) Voluntary' flexion (“chin-chest”). (Right) Ex- 
tension in Schantz collar. 
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Fig 654 Ca««J K (Ec/0 Long>tandins partial dislocati n of third cervical /orward 
on fourth Note elimination of normal cervical forward curve 

Postoperative fu«ion Third fourth and fifth vertebrae are fused to eliminate 
painful disability 


A 


C 



Fig 654 A Luvation cervical vertebrae 4 5 Patient stum 
bled on slippery floor First 'een ten days after Bilateral shoul 
der girdle pain 

A {Left) Normal lateralvievv 
B {Center) Chitiche t 
C {Right) Hyperexleneion in plaster collar 
Immediate disappearance of symiptom Col ar removed six 
weeks later No recurrence Note discrepancies at C 4 5 level 
posterior borders anterior bordere and mterspinous space m B 
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of the posterior facets, (2) narrowing of the 
intervertebral space, (3) lesions encroach- 
ing on the intervertebral foramen, or (4) a 
combination of any two or all. 

Treatment- If the luxation is of verj' 
recent occurrence it is important to apply 
a collar in hyperextension and to maintain 
this position for about three to fgur weeks. 
If the condition is old and fails to respond 
to postural training it may be necessary’ to 
fuse the two involved vertebrae as in Fig. 
654. In the case of a disk lesion where the 
disk is seen to be definitely narrowed or 
there is evidence of a traumatic arthritis of 


operation and spinal fusion at the same 
level must be considered in such cases, 
iluch progress is at present being made in 
regard to disk lesions in the cer\’ical spine. 
Not until end-result studies in sufficient 
numbers have been made will it be possible 
to outline definitely a routine of therapy for 
such lesions. 

From the point of view of the prevention 
of gradually migrating luxations and grad- 
ually increasing irauraalit_anhrilis of the 
i nterver tebral joint it is clear that if such 
lesions are definitely recognized and spe- 
cifically diagnosed by careful roentgenog- 



Fic. 654 B. Outline of areas commonly involved in ccmcal 
spine lesion. (Courtesy, Tllney and Riley, The Form and Func- 
tion of the Central Nervous System, New York, Paul B. Hoeber, 
Inc.) 


the inter\'ertebral joints, “hanging" stretch- 
ing together with the wearing of a pro- 
tective collar and physiotherapy may relieve 
the symptoms. The matter of operative 
treatment for old lesions in which there is 
intractable causalgia depends upon conclu- 
sive evidence of intervertebral disk protru- 
sion sufficient to cause a pressure neuritis 
of the nerve root and on the question of 
fusion. Further investigation and end-result 
studies are necessary to differentiate fully 
the luxation type from the disk protrusion 
type of cervical injury’ and for the proper 
remedy for the combined lesion. It seems 
logical, honever, from the nature of the 
“whiplash” production of the injury' and the 
fact that injuries involving the posterior 
joints inevitably involve the anterior joints 
since the vertebrae move as a whole, that 
the combination of an intervertebral disk 


raphy that much can be done to prevent 
the more severe disk and posterior joint 
lesions. If such cases are immediately 
byperexiended following accident, the ne- 
cessity for later operation in most cases 
will probably not arise. (See Unusual Frac- 
tures of Cer\'ical Region, Case J. Fig, 
662, p. 794; and C^se A. T., Fig. 663, p. 794.) 

Posterior Dislocation of Fifth 
Lumbar Vertebra 

A comparatively rare injury to the spine 
is that of posterior dislocation of the fifth 
lumbar at the lumbosacral joint (Fig. 655). 
This injury apparently occurs as the result 
of direct trauma to the back causing hyper- 
extension. Unusual precautions must be 
taken in the roentgenography’ at this point 
and for this condition. 

A diagnosis should not be made on the 
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basis of one lateral film The condition is 
usually discovered as a result of searcbing 
for a diagnosis in a disabled spine in which 
the symptoms are referred to this point and 
otherwise unexplained A confirmatory film 
should always be taken and the diagnosti 
cian should see that the film is taken exactly 
perpendicular to the sagittal plane in other 



Fig 655 Case E L Posterior 
dislocation of lumbar spine on 
sacrum Bilateral sciatic pain radia 
tion Fusion from fourth lumbar to 
sacrum m deformed position com 
pletely relieved painful disability 

words an exact lateral and centered directly 
over the lumbosacral joint If the second 
film shows that both the posterior and an 
tenor borders of the vertebra are disaligned 
with the sacrum below and disalignment 
demonstrates the fifth lumbar to be pos 
tenor and of course if no other lesion can 
be demonstrated then one has a right to 
assume that the posterior dislocation is 
causing the painful disability The author 


has seen no cases immediatelypost accident 
but has seen several cases in which trauma 
of a severe kind featured to begin with 
The dialocation definitely was demonstrable 
and a fusion m each case resulted in a symp 
tomless spine The fusion should include 
from the fourth lumbar to the sacrum 
Tliese cases are quite universally accom 
panted by pain over the back and posterior 
thigh— the same distribution as the pain 
complained of m spondylolisthesis 

FRACTLRE DISLOCATIONS 
WITHOUT PARALISIS 
Until now we have dealt with entities in 
which a well charted course is profitable 
and good results are the rule From now 
on however the course of therapy is m 
finitely less certain does not lend itself to 
definite charting and is infinitely more 
dangerous Throughout this outline the 
more dangerous pitfalls as they have oc 
ctirred m practice will be pointed out 
Diagnosis by inference of posterior 
arch iesions must be resorted to since the 
radiogram cannot be depended upon to 
show even gross lesions involving the 
pedicles the articular processes and the 
laminae One is frequently tricked into the 
illusion of a completely normal appearing 
posterior arch fissure fractures for in 
stance without gross displacement are im 
possible to exhibit by ordinary roentgenog 
raphy Fig 656 depicts an autopsy spine in 
which a number of fractures of the pedicle 
and articular processes were made with a 
Gigli saw A study of the four views of this 
spine shows but two fractures It is noted 
in this connection that the Gigli saw creates 
a considerably greater defect than a simple 
fissure fracture m a bone 
\\hile it IS generally known that the 
radiogram seldom shows all the lines of the 
fracture in a long bone in the case of the 
posterior arch the concealment of cracks 
and dislocations is much more effective than 
It IS in the long bone because of the very 
dense bone forming the accessory processes 
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and the number of such processes, particu- 
larly in the lateral plane. 

A glarice at the spine shov.*s hon* impos- 
sible it is to hope to reveal the fracture or 
dislocation by photography because of the 
number of processes to be penetrated by the 
raj's. In the lateral radiogram, for instance, 
it is necessary to penetrate both lateral 


deceive most observers and "will undoubt- 
edly continue to create a false sense of secu- 
rity because of negative findings. No doubt 
greatly increased caution is exerdsed bj' 
most operators in their approach to frac- 
ture-dislocations with paralj’sis. It is the 
damaged cord in this case which warns the 
operator. 



Fro. 656 Radiographic concealment. Lateral, (B) anteroposterior, (C) right, and 
(D) left oblique projections of autopsy spine Fractures were made at various points in 
posterior arch nith a Gigli saw. A sample of defect created by saw is indicated by arrows. 
The other fractures contain the same amount of defect but defects are concealed by over- 
Ijing dense bone. The fractures actually present in the 4 vertebrae were as follows: 


Lejt side of vertebra 

(1) Intact. 

(2) Tip of articular process fracture. 

(3) Intact. 

(4) Articular process fracture. 


Right side of vertebra 

(1) Articular process fracture. 

(2) Pedicle fracture. 

(3) Pedicle fracture. 

(4) Articular process fracture. 


processes, four articular processes and also 
tn 0 pedicles. If a line of fracture shows, it 
is bj' the merest chance, and it is necessarj- 
either for the defect to be large or the dis- 
location gross. 

Radiograms taken at 30 to 40® ate more 
likely to exhibit fracture lines in the artic- 
ular processes than the lateral roentgeno- 
gram. The majority of such oblique radio- 
grams, however, cannot be e.xpected to show 
much more than irregularity of the posterior 
articulations. The lack of visual evidence of 
fault in the posterior arch will continue to 


Fracture-dislocations of fully as great 
magnitude but without paralj-sis occur regu- 
larl}'. In the paralj'zed case, one must as- 
sume risks which would not be warranted 
in simple crush fractures. The greatest dan- 
ger, however, is that of the operator doing 
real damage to a fracture-diriocalion with- 
out parolj'sis. Means of identifying the dan- 
gerous tjpes are as follows: 

The radiograms must be observed from 
the point of view of damage to the posterior 
aixh. With this approach in mind, certain 
points become immediately obvious. The 
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Fig 657 Case B G (Left) Fracture dislocation of first lumbar (1) Indi 
cates gross enlargement of intervertebral foramen Articular process of twelfth 
dorsal has dislocated upward and is impaled upon superior articular process of 
first lumbar (2) Indicates compression unreduced after attempt at hyper 
extension Imping ng articular processes do not permit normal fulcrum of pos 
tenor joint to operate therefore disimpaction is impossible until processes have 
been disengaged (3) Indicates level of one side of crushed centrum (4) Indi 
cates lower level of opposite side 

(Right) Anteroposterior projection observations Note (1) Lateral angula 
tion (2) Wide space between spinous processes (3) Different alignment of 
series of spinous processes above and below dislocation (4) Unequal compres 
sion of two sides of body Compare with left part of illustration 
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correlation of a number of these points will 
frequently decide T\hich case is to be ma- 
nipulated and which to be operated. By 
observing all radiograms of spinal injuries 
in this light, the operator will safeguard 
himself against disasters due to manipula- 
tion. 

Fig. 657 depicts a case of this kind 
clearly. This patient presented no neuro- 
logic signs whatever. Four points were 
noted in the anteroposterior view: 

1 . The lateral angulation with its apex 
at the twelfth interspace. 

2. The wide interval between the spinous 
processes of the twelfth dorsal and the first 
lumbar. 

3. The definite rotation of the entire 
upper section as indicated by the spinous- 
process alignment of the upper section with 
that of the alignment of the lower section. 

4. The unequal compression of the two 
halves of the body. This case was one of a 
slender boy where radiography is at its best 
and shows clearly the articular processes. 

The lateral view brings out additional 
points : 

1. Gross enlargement of the interverte- 
bral foramen. 

2. The appearance of one articular proc- 
ess being impaled upon the one below, also 
the two different levels appearing in the 
centrum indicated at points 3 and 4. 

MTierever this double shadow of the ver- 
tebra appears, the dislocation of one articu- 
lar process must be e.xpected. Fig. 658 is 
an e.xact replica of the case just cited. MTien 
analyzed, this anatomic specimen shows the 
right twelfth process jumped and locked 
in front of the right upper process of the 
first lumbar. It also shon-s the almost com- 
plete dislocation of the left process. 

An analysis of this specimen shows why 
the angulation, rotation, and disalignment 
of the spinous processes with large inter- 
spinous space all combine to make certain 
the diagnosis of a jumped articular process, 
and demonstrates conclusively the impossi- 
bility of safely redudng such a case b>' 



Fig. 658. Demonstration of 
factors entering into djagnosis 
of fracture-dislocation of lum- 
bar region. (1) Lateral tilting 
of twelfth; (2) different 
alignments of upper and lower 
series of spinous processes; 
(3) lateral angulation of two 
spinal segments; (4) rotation 
localized to point of disloca- 
tion as indicated by lateral 
offset of twelfth; (5) wide 
vertical separation of twelfth 
and first spinous processes. 
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manipulation. It is considered definitely 
hazardous to attempt any manipulation at 
all. The sequence of treatment believed to 
be best for this tj^pe of case is as follovrs: 

The patient is mounted on an operating 
table which breaks in the middle, shown in 
Fig. 659. The posterior arch is exposed by 
the subperiosteal method as in fusions. The 
laminae and articular processes are exposed 
in detail. The table is then broken so as to 
induce the necessary fle-xion to disengage 
the jumped process. IMien using the special 
table, a cross sling is placed transx'ersely 
underneath the fractured area and flexion is 
induced by simply elevating the suspension 
apparatus until the process has room for 
clearance. A bone forceps then grasps the 
spinous process of the dislocated vertebra 
or a blunt elevator is used to prj* the process 
over. Combining movements of posterior 
pull with rotation, the table is then straight* 
ened away, the sling lowered, and the dis- 
location thus rather easily reduced. 

W’ith the operative wound still open, the 
patient is hj^erestended by foot suspension 
and a lateral roentgenogram is taken in 
order to see that the centrum is fully re- 
stored to its vertical diameter. Obviously, 
no fusion is necessarj' in such cases. If, 
however, the posterior arch is otherwise 
damaged, fusion may be indicated. 

Fig. 660 illustrates another such case. 
This case was not opened It shows most 
of the features necessarj' to a diagnosis of 
a dislocation of the posterior articular proc- 
ess. The radiogram six months after frac- 
ture shows that the patient was saved from 
further gradual dislocation forward by a 
bony bridge existing between the two verte- 


brae in front. There is practically no evi- 
dence of continuity of structure of the 
posterior arch. 

According to the historj", a number of at- 
tempts were made to manipulate this latter 
case to undo the deformity of the centrum. 
Obviously, the centrum could not be opened 
to its complete height because of the block 
afforded by the jumped process posteriorly. 
It must be noted again that neither of these 
cases showed any neurologic signs. Obvi- 
ously, attempts at manipulation of such 
cases is extremely hazardous. 

FR.\CTURE-DISLOCATIONS WITH 
PARTIAL OR COMPLETE 
CORD INVOLVEMENT 

No e.xact line of demarcation can be 
drawn between the simple crush of a cen- 
trum without cord involvement and the 
other extreme of complete shearing of the 
spine and cord, for which nothing can be 
done. No rule of thumb can be conjured 
to differentiate with certainty the case 
which requires laminectomy from the one 
that requires b.vpere.xtensioa only and the 
one that requires both. 

A preponderance of evidence can usually 
be adduced for conservative or radical pro- 
cedure. Experience in many hands proves, 
however, that laminectomy occupies a dis- 
tincll}' secondarj’ place in the treatment of 
fracture-dislocations with paralysis. Each 
case must be carefully anah’zed and as- 
sessed upon its own merits A careful 
evaluation of the many factors involved 
will usualh- bring one to a definite con- 
dusion as to therapy. 

The usual factors to be considered as im- 


Fig. 659. {Top) Depicts usual table posUioa for operative fusion. 

(Center) After exposure, table is broken and lumbar spine flexed by elevating kidney rest 
and breaking table sufficiently to clear the jumped process,. Table is then restored to horizontal 
and obstructing process is either engaged normally with its partner or removed, or, if rotation 
cannot be bridged, a fusion may be indicated immediately. If procedure is successful and 
processes engage readily, then foot suspension is immediate!}’ indicated to “open up” the com- 
pressed centrum and a jacket L applied as in bottom illustration. Lacking proper equipment 
for foot suspension, operator mu:t provide an overhead suspension hook, block and tackle, 
spreader, and hammock. This equipment may be improvised in many wa}'3. The hook should 
be tested toxrithstand 100 lbs. weight. 
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portant m arriving at logical therapy are ability of transitorj edema contusion com 


as folIoi\s 

1 The usually apparent paralysis a 


panied by a careful neurologic analysis to entities 


pression or transection Frequently it is 
quite impossible to decide as bet\seen the'^e 


determine whether the paralysis be com 
plete at a definite level or partial 


5 The element of time ubich is urgent 
in relation to progressive paraljsis hemato 


2 The results of the Queckenstedt test myelia compression or laceration 


Fig 660 Ca«e "M P (F.e//) Fracture dislocation without paral> sis Note (1) Gross 
enlargement of intervertebral foramen and (2) articular process caught on apes of process 
t>ej£>n there/nre closed roan pvhijon futile 

{Center) Lateral \ ew after sis months Complete interruption of continu tj m pos- 
terior arch Note (I) Inabilit} to exhibit detail of articular process (2) apparent bony 
bridge at anterior port on and (3) failure of reputedlj «trenuous attempts at h>per 
extension to decompress centrum or correct angulation 

(Right) Slx months after fracture Note (I) Lateral dislocation and (2) unequal 
compression as between the two sides 


3 The amount and nature of deformity 
m relation to the spinal canal and the ques 
tion of Its reducibilitj or irreducibilitj by 
manipulation or laminectomv or both 

4 \n attempt to arrive at a conclu ion 
based on neurologic findings and the results 
of the Queckenstedt test as to the prob 


6 The status of the patient whether 
operable or not It must be remembered m 
this connection that in paralyzed ca«es a 
laminectomy can be done without general 
ane thesia in most of the cases Local in 
filtration anesthesia is quite sufficient 
The element of recoil at the time of the 
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accident tends to spontaneously reduce the 
fracture-dislocation. By the time the patient 
arrives at the hospital and the first radio- 
gram is taken, the cord may have been 
severed by a complete dislocation and a 
complete spontaneoxis reduction may have 
occurred. It is safer, therefore, to assume 
that in all cases the degree of displacement 
was greater at the time of the accident than 
the first picture would indicate. The record 
shows that, in completely paralyzed cases, 
laminectomies are almost completely futile. 
The region involved has a decided bearing 
on the likelihood of rccoverj’ from a com- 
pletely paralyzed status. Above the level of 
the second lumbar vertebra there is no 
ability of the cord substance to regenerate; 
below this level the cauda equina possesses 
the power of regeneration. 

In doubtful cases, therefore, laminectomy 
is more applicable in the lumbar region. It 
must also be remembered that h>'percxten- 
sion accomplishes an increase in all the 
diameters of the spinal canal, and that if 
the Queckenstedt test shows a complete 
block before hjperextension and a release 
of the block after hypere.xtension, laminec- 
tomy for the time at least may be post- 
poned. Only in those rare cases where the 
radiogram exhibits impingement of a frag- 
ment of bone in the spinal canal is lami- 
nectom)’ imperative at the earliest moment. 
It is important to remember that neurologic 
examinations should be made repeatedly. In 
cases where such examinations show in- 
creasing paralysis, obviously laminectomy 
with the possibility of indsion of the com- 
missure is indicated at the earliest moment. 
In the majotily of cases when the deep 
refle.xes are obliterated, sensation lost, mus- 
cle action gone, and Babinski absent, irrep- 
arable damage has been done. 

However, occasionally a case occurs 
where, after hj"perextension has been insti- 
tuted at a very early stage and where the 
neurologic signs point to a complete lesion 
even with the presence of priapism and in- 
\oIuntary stools, an almost complete re- 


covery' has taken place. It is this paradoxi- 
cal clinical experience which demonstrates 
that conclusions regarding the status of the 
cord are quite impossible from a neurologic 
examination. Such recoveries can be ex- 



Fio. 661. Case P. M. S. Typical 
protrusion of posterior bony frag- 
ment Sufficient to cause partial per- 
manent destruction of cauda equina 
Decompression laminectomy six 
months after initial treatmerit re- 
sulted in some improvement. 

plained only on the basis of contusion and 
localized edema of the cord. 

The fact, therefore, that occasional cases 
which apparently have been completely 
paralyzed at the beginning have recovered 
after proper hjperextension— the fact abo 
that most laminectomies in completely 
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paralyzed cases have revealed pulpified cord 
substance—the admitted inability to make 
a definite diagnosis as between cord de 
struction and cord contusion— the fact that 
regardless of laminectomy the spinal col 
umn must be returned to its normal con 
tour in order to attain complete recovery — 
the quickness with which hypere^ension 
can be applied immediately the patient 
arrives in the hospital whether the lesion be 
cervical or in other parts of the spine as 
compared to the delay necessary to prepare 
the patient for operation and the delay 
necessary to a complete diagnosis— the fact 
that the posterior upper angle of the in 
\olved centrum is the usual compressing 
medium (Fig 661) together with the fact 
that hyperextension is known to open the 
canal to its greatest diameter at the point 
of fracture all of these factors point to the 
importance of hyperextension as a decom 
pressing medium probably as efficient as 
if not more efficient than laminectomy 
The fact that hyperextension at the earliest 
possible moment after the patient arrives at 
the hospital relieves pain reduces deform 
ity and opens the spinal canal to its largest 
diameter whether it be skeletal traction for 
the cervical fracture dislocation or foot 
suspension for a thoracolumbar fracture 
dislocation testifes to the helpfulness af 
forded by the use of preliminary hyper 
extension 

If the patient is permitted to assume any 
position he pleases awaiting a decision as 
to when laminectomy is to be performed 
every moment wasted in this manner in 
creases the pain shock and hazard whether 
or not a laminectomy must eventually be 
performed It would appear therefore that 
as a general rule paralyzed cases should 
immediately be put m a position of hyper 
extension wherever they may occur in the 
spine and in the light of overwhelming 
statistical data against laminectomy lami 
nectomy should be reserved for very care 
fully chosen cases 

From the author s point of view exclud 


ing the exceptional case of fracture of the 
laminae with compression of the cord 
hyperextension by the gradual method or 
by actual foot suspension (where the ele 
merit of dislocation is the lesser feature) 
and skeletal traction m hyperextension for 
the cervical region are immediately brought 
to bear the moment the paralysis is ob 
served The Queckenstedt test is then exe 
cuted and provided sufficient hyperexten 
Sion IS exhibited in the radiogram and a 
block IS demonstrated by the spinal fluid 
pressure then laminectomy is considered 
but if the anatomic repositioning is nearly 
perfect and the spinal canal appears to be 
open to Its greatest diameter again lami 
nectomy is postponed and m the great ma 
jonly of completely paralyzed cases lami 
nectomy is never performed because of the 
known futility of the procedure In most 
fatal cases permission for autopsy has been 
granted and irreparable lesions demon 
strated 

The area containing the cauda equina is 
throughout considered more eligible for 
laminectomy than that part of the spine 
containing the spinal cord proper Again it 
IS the authors impression that while very 
few cases will recover from complete pa 
ralysis whether laminectomized or hyper 
extended the evidence of completely par 
alyzed cases having recovered almost 
complete function with hyperextension 
inclines the author to the belief that as 
many or more will recover with hyper 
extension alone provided laminectomy is 
always kept in mind for those cases where 
there IS increasing paralysis or cases which 
prove irreducible by hyperextension In a 
number of cases it will be found that the 
preliminary hyperextension followed by the 
making of shells is necessary before lami 
nectomy is done 

The usual routine followed by the author 
in completely paralyzed cases is as follows 

1 Place in the optimum position to gain 
hyperextension immediately upon entrance 
to the hospital 
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2. Make a neurologic examination, pref- 
erably by a neurologist or a neurosurgeon. 

3. Apply the Queckenstedt test at the 
earliest opportunity. 

4. If there is no pressure response, apply 
hyperextension unless radiograms contra- 
indicate, 

5. Again apply the Queckenstedt test. If 
return of pressure is demonstrated, decom- 
pression has taken place. 

6. Repeat the neurologic examination at 
inter\'als, 

7. Meanwhile, apply proper urologic care 
to insure bladder drainage. 

8. If the fracture is irreducible by ma- 
nipulation, exploration of the posterior arch 
may be indicated to reduce a jumped 
process. 

9. The period of a week will usually 
determine whether recovery will or will 
not take place unless the level involves 
the cauda equina in the lumbar region, in 
which case return may take place at a later 
period. 

Hopelessly Paralyzed Fracture- 
Dislocations 

If, after the first few days, it is found 
that no recover}’ is taking place and the 
patient shows signs of total paralysis with 
a definite level and there is incontinence of 
urine and feces, the principal problem is 
that of nursing care. Urologic consultation 
is necessary to decide the manner of drain- 
age— whether by suprapubic cystostomy or 
by allowing distention of the bladder as the 
fastest method of producing an automatic 
bladder. It will be found that, in order to 
prevent development of bedsores, an an- 
terior and posterior shell should be made, 
being carefully modeled to impress the soft 
parts and avoid the bony prominences. 
Such shells should extend from the knee 
to the shoulders, with suitable apertures cut 
out anteriorly and posteriorly- The shells 
are strapped together with trunk slrajK and 
the whole ensemble is mounted on a Brad- 
ford frame. The patient is turned two or 


three times a day, one shell being removed 
at a time in order to allow proper skin care. 
If the patient lives through the urinai}' 
complication, he may go on eventually to 
some sort of walking with crutches or lead 
a life in a wheelchair. 

UNUSUAL FR.ACTURES OF 
CERVICAL REGION 

The following three cases are cited as 
examples of the care that must be exercised 
in interpreting so-called strains of the cer- 
vical region. Both cases show the necessity 
of splinting from the beginning. Both sen-’e 
to reiterate the point of the unknown mag- 
nitude of the injury at the moment the 
injury is sustained in relation to the very 
few signs shown at the time the patient is 
first seen. 

A dislocation or sprain-fracture ^ith the 
usual ripping of the ligaments of consider- 
able magnitude frequently takes place. The 
immediate spontaneous recoil tends to con- 
ceal the e.xtent of damage occurring to nerve 
roots, accessor}’ processes, and ligamentous 
structures. Subsequent normal use of the 
bead in flexion, extension, lateral bending, 
and rotation obnously must increase the 
degree of deformity so that what appears 
(0 be a trivial lesion to begin with becomes 
3 major disability later. 

Case J. J., a young woman aged 34, 
showed a t}’pical seventh cervical nen.'e sjm- 
drome. The lesion can be seen plainly in 
Fig. 662. She was first seen in June, 1941. 
Her history then Tvas that in April, 1940, 
while working in a library, she slipped on 
a freshly waxed floor. She threw out her 
hand to protect herself in falling and caught 
hold of a bookcase. She felt sudden pain at 
the base of the neck on the right side. She 
consulted a local doctor but no treatment 
seemed indicated. She felt very little pain 
for a week, then, upon awakening one morn- 
ing, she felt sudden severe pain in the right 
angle of the neck. She was then hospitalized 
for ten days. She suffered severe pain for a 
few weeks, but then the condition became 



794 


INJURIES TO THE SPINE 



Fig 662 Case J J {Left and Center) Roentgenograms one year following injury 
Note (1) size of articular process 

Fig 663 Case A T (Right) Long thoracic paralysis Note (1) evidence of injury 
of articular process and (2) evidence of old fracture Also note narrow ng of inter 
vertebral space 



Fig 664 Case W T Irreducible cervical fracture dislocation Note (1) pos tion be 
fore (lejt) during (center) and after (right) attempt at reduction Also note vertical 
line of fracture dividing centrum of sixth into two halves and marked depression of 
inferior surface of sixth 
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stationary. The condition had remained un- 
changed since the first few weeks after 
injury. She complained of pain miming 
down the right arm and a feeling of numb- 
ness in the thumb and index finger. Use of 
the right arm brought on pain. 

Following is the neurologic examination 
by K. G. Mackenzie, of the Toronto (Jeneral 
Hospital, 

No atrophy of the arm, forearm, or intrinsic 
muscles. Reflexes and strength of the biceps 
and triceps, normal. Strength of the intrinsic 
muscles, normal. There is some definite pares- 
thesia and a “pins and needles” feeling over 
the radial side of the hand. 

At times the hand seems to feel useless and 
she drops things. She has very little pain It 
is my opinion that this calcification is part of 
an e.ttruded disk uhich has produced some 
trauma and neuritis of the so’enth root. 

Case A. T., paralysis of the long thoracic 
(Fig. 663). The patient uas referred for an 
impartial examination and opinion lor the 
question of disability, the bistor>' being as 
follows. A 3 by 12 timber fell from a wooden 
horse. The patient at the time nas carrjing 
the horse supporting the timber. Upon fall- 
ing, the limber struck the patient’s left 
shoulder a glancing blow, and then fell to 
the ground. The case was argued back and 
forth in industrial courts and there was wide 
divergence of expert opinion. The patient’s 
complaint throughout a period of four years 
was of pain radiating down the left arm 
diffusely to the fingers, pain in the left 
angle of the neck, that he carried his head 
in the position of a left torticollis, and that 
be had difficulty doing bard work — in fact, 
anything that opened the angle of the neck 
apparently caused severe pain radiating 
down the left arm. The outstanding sign, 
however, was that, when the patient was 
asked to push forward against resistance 
with his left arm, the left scapula protruded 
prominently posteriorly. 

Paralysis of most of the fibers of the 
serratus magnus must be assumed. ^Tiile 
the roentgenologic evidence is rather slight, 


nevertheless its location is completely con- 
sistent with involvement of the long thoracic 
and consistent with his causalgia. 

Ctase W. P. (Fig 664), bilateral fracture- 
dislocation of the sixth cervical vertebra. 
This case is cited as one in which manipula- 
tive reduction proved impossible. To begin 
t\ith, the Crutchfield tongs were applied and 
traction up to 35 pounds was brought to 
bear without effect. A manipulation was 
then done in the manner illustrated in Fig. 
649. Several attempts were made with this 
type of straight-line traction, even inducing 
a little flexion, both the author and an asso- 
ciate putting their fullest power of manual 
traction lo test. X-rays taken at the time 
showed that, while improvement in the po- 
sition took place, it appeared impossible 
to dislodge the inferior articular processes 
of the sixth from the processes of the 
seventh. The body of the vertebra seemed 
to move somewhat backward but not suffi- 
ciently to obtain reduction The procedure 
was again tried the following day under full 
anesthesia, but even under these conditions 
it was impossible to dislodge the articular 
processes. 

In attempting to explain the failure of 
the correct application of the Taylor method 
in this case, it would appear that the ver- 
tical line of fracture through the body of 
the sixth can be held accountable. It should 
be remembered that the cervical spine is 
normally curved forward, and that when 
strong traction is applied in a straight line 
this normal forward curvature disappears. 
A pure dblocalion without fracture of the 
centrum during such slraight-line traction 
induces leverage exerted by the anterior 
edge of the vertebra below against the lower 
surface of the dislocated one. This leverage 
thus aids the operator to disengage the 
jumped processes. 

Hjiierextension then reduces the proc- 
esses lo their normal position. When the 
exterior half of a dislocated vertebra is in- 
vohed, the impingement of the anterior 
upper comer of (in this case) the seventh 
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completely collapses the body of the \er 
tebra at the point of impingement and no 
leverage can be expected as occurs m an 
intact bodj It is therefore assumed that 
in the process of reducing a bilateral dis 
location by the Taylor method the two 
components of reduction are horizontal 
traction and leverage, as described 
The only time this patient experienced 
neurologic symptoms nas during the strong 
traction, when he said he felt “tingling’ 
running down the both upper extremities 
He was therefore fused m the deformed 
position and it is expected that he will have 
a full recovery without painful symptoms 
m spite of the deformity 
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Treatment of Fractures of Pelvis, 
Sacrum, and Coccyx 

Paul B Steele, M D 


The primary consideration m the treat 
ment of all fractures of the pelvis is shock 
The degree of shock should be determined 
immediately and treatment given accord 
ingly [See Chapter 22 —Ed J In verysevere 
accident cases the fracture of the pelvis is 
frequently a secondary factor necessitating 
the treatment of the complication as the 
major lesion 

Grave complications which may be en 
countered are hemorrhage paralytic ileus 
rupture of the bladder and urethra genito 
urinary infections and phlebitis 

The presence of a large amount of blood 
tinged urine on catheterization does not 
mean that the bladder has not been ruptured 
as there may be a small hole near the base 
which will leak sparingly into the pen 
toneum causing peritonitis Thus the im 
portance of suspecting some rupture where 
blood is found should always be borne in 
mind Where rupture of the bladder is sus 
pected an injection of some opaque fluid 
into the bladder is indicated and antero 
posterior and lateral x rays should be taken 
With the assistance of x rays and a physical 
examination the surgeon can determine the 
site and degree of injury to the soft tissues 
and bones of the pelvis 

The treatment of the complications other 
than those involving bones and joints are 


found elsewhere in this book under their 
proper heading [See Chapter 22 —Ed ] It 
IS not the object of this chapter to consider 
the diagnosis but to formulate the present 
accepted methods of treatment 

FRACTURES OF WING OF 
ILIUM 

The patient is placed m bed in a re 
cumbent position Bimanual manipulation 
into correct position is usually accomplished 
by simple compression of the fragment 
Adhesive strapping is then applied under 
pressure and in such a manner that it holds 
the fractured portion in position using two 
or three strips of three inch wide adhesive 
long enough to encircle the pelvis 

Starting the adhesive from the side oppo 
site the injury draw it snugly and firmly 
around the injured side of the ilium so as 
to hold the fragment in position and then 
anchor the adhesive at the starting point 
Usually two or three of these strips thus 
applied are sufficient to immobilize the frag 
ment and maintain position The patient 
normally may be allowed on his feet in four 
weeks and the fracture usually is well united 
in SIX to eight weeks If it is impossible to 
reduce the fragment by manipulation, oper 
ation IS recommended with open reduction 
and fixation 
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FRACTURES OF SINGLE RAMUS 
OF PUBIS OR ISCHIUM 


Fractures of a single ramus of the pubis 
or ischium are sufficiently splinted by the 
intact ramus The only treatment necessary 


the leg in this position until the fracture 
heals thus mak ng ambulatory an otherwise 
bed ndden patient [Where the displace 
ment is marked or ^here the displacement 
IS only moderate but operative facil ties are 




Fio 670 (Left) Fracture of loner sacral segment 
Fig 671 {Center) Fracture of loner sacrum (lateral view) 
Fic 672 (R/g/l) Fracture of coccyx 


IS complete rest m bed in a recumbent posi 
tion until the fracture heals [Where a 
single ramus is fractured it is possible to 
keep the patient m bed for only ten days to 
tno weeks and then to allow crutch ambu 
lation for the next four weeks with increas 
mg weight bearing on the affected side 
gauged by the degree of discomfort expen 
enced discarding the crutches when little 
or no pain is experienced on full weight 
bearing X ray evidence of healing may be 
evident m from four to eight weeks —Ed ] 
This treatment may be augmented by tbe 
application of adhesive strapping around the 
pelvis as previously described (Fig 668) 

fractures or ANTERIOR 
SUPERIOR SPINE 
Fractures of the anterior superior spine 
are treated by flexion of the hip on the 
injured side m slight abduction WTien feasi 
ble a plaster spica should be applied to hold 


read ly available operative replacement of 
the separated spine with wire or fascial 
loop fixation can be followed by bed rest 
for ten days or two weeks succeeded by 
gradually increasing weight bearing w’lth 
crutches over the next four to six weeks No 
external fixation need then be U';ed Ed 1 

FRACTURES OF TLBEROSITY 
Fractures of the tuberosity are rare and 
usually require only simple recumbency in 
bed until thoroughly healed [Occasionally 
wide separation of a large shell like frag 
ment of tuberosity will occur Time and 
certainty of freedom from di‘=com(ort can 
be gained in these occasional cases by an 
early operative replacement with fixation 
by stainless steel wire or fa'cial sutures 
The approach is through the buttock fold 
This considerably cuts down the bedrest 
period necessitated by conservative treat 
ment in these cases Ed ] 



DISLOCATIONS OF SYMPHYSIS PUBIS 


801 


TRANSVERSE FRACTURES OF 
SACRUM 

Transverse fractures of the sacrum may 
or may not be dislocated forward. If dis- 
located, reduction may be readil}’ accom- 
plished by bimanual e.xternal and rectal 
manipulation. Strapping the pelvis by the 
method described above for iliac fractures, 
and complete recumbency for from four to 
sis weeks, is advised The use of an inflated 
rubber ring under the buttocks is advocated 
when the patient is permitted to sit out of 
bed. If there is no displacement of the frag- 
ment, strapping with adhesive is all that 
may be required, allowing the patient to go 
about as usual, using the rubber ring when 
sitting. [Involvement of the bladder and 
rectum by sacral'nen.’e involvement is occa- 
sionally seen. In severe cases this may re- 
quire the treatment accorded “spinal cord” 
bladder and rectum.— Ed.) 

FRACTURES OF COCCYX 
The fracture is reduced by rectal manipu- 
lation, followed b}' immediate strapping of 
the buttocks close together and as low down 
as possible, estending the adhesive from the 
region of the anterior superior spine across 
the buttocks to the opposite anterior spine 
(Fig. 673). .A period of recumbenc}' is usu- 
ally unnecessarj’ following the above treat- 
ment, except in elderly people. The patient 
is usually immediately relieved of pain. 
Healing should occur in from six to eight 
weeks. V'eekly strapping is necessarj' to 
retain fi-xation. Occasional!}-, bed rest for a 
time may be necessary. Surgical remox-al of 
the cocc\'x is advised onh- if pain persists 
for an extended period following conserva- 
tive treatment. 

FRACTURES OF RAMI OF 
PUBIS .AND ISCHIOI 
Fractures of the rami of the pubis and 
ischium, with or without displacement, re- 
quire only simple treatment. Rest in bed 
and strapping of the peU-is will usually 


sufiice. These fractures are usually not 
badly displaced, but if so they can often be 
replaced in a satisfactorj- position by ma- 
nipulation. Rest in bed for a six-week period 
is necessary, followed by increasing weight- 
bearing, at first with and then without 
crutches. 



Fic. 673 Strapping for 
fracture of cocejw. But- 
tocks are held together 
tightly. 


DISLOCATIONS OF SA’llIPHA'SIS 
PUBIS .\ND S.ACRO-ILIAC 
JOINT 

Dislocations of the s}Tnph}-sis pubis and 
sacro-iliac joint should be reduced by use 
of the hammock and extension apparatus as 
described below (Figs. 677, 67S and 6S2). 




Fig 679 {Lejt) Fracture of pubis with separation of syinph>sis before treatment 
Fig 680 (Center) Same ca^e as Fig 679 after treatment 
Fig 681 (Right) Fracture of left ischial and pubic rami and right pubic ramus 




FRACTURES OF RAMI OF PUBIS 


FRACTURES OF RAMI OF PUBIS 
AND ISCHIU.M WITH OR WITH- 
OUT DISLOCATION OR FRAC- 
TURE OF SYMPHYSIS PUBIS 
OR SACRO-ILIAC JOINTS 
Fractures of the rami of the pubis and 
ischium, dislocation of the symphysis pubis 
nith or without fracture, and dislocation 
with or without fracture through the sacro- 


ends on either side are then fastened to- 
gether and attached to a rope running 
through an overhead pulley on a Balkan 
frame, above the opposite side of the pelWs 
The two pulleys are necessary so that in 
crossing the suspension of the sling as much 
lateral compression can be given as will be 
necessary' to reduce the dislocation This 
can be gauged by moving the sides of the 



Fic. 682. Sling suspension plus longitudinal and lateral traction for 
fractures of rami complicate by acetabular fracture 


iliac joint— or a combination of any of these 
fractures — are best treated by suspension in 
a sling. 

Suspension Method of Treatment (Fig. 
682). A sling fashioned of adhesive plaster, 
the average width of which is nine inches and 
the length of which is 3 to syi feet (depend- 
ing on the size of the patient) can be used. 
The adhesive is cut to overlap at the ends 
for a distance of from eight to ten inches. 
Triangular-shaped sections are cut from each 
end in such a manner that three tails are 
formed on each side. One-inch tape is then 
fastened to each tail. The ends are then 
dovetailed so that the left side is pointing 
toward the right side, and vice versa. The 


Balkan frame closer together for less com- 
pression of the pelvis, or farther apart to 
increase the compression. If compression of 
the peRis is not indicated, the extension 
ropes can be run through the pulleys on 
their respective sides without crossing the 
sling The ropes run from the suspending 
pulleys to the head of the bed passing there 
through additional pulleys, so that the 
weights may hang beyond the head of the 
bed out of the way’. 

A Buck’s extension is then applied in the 
usual manner to the leg on the affected side. 
This is accomplished by using two strips of 
adhesK'e three inches wide, long enough to 
go well up into the groin on the inner side 
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and to just below the trochanter on the outer 
side and extending for from three to five 
inches beyond the sole of the foot on either 
side so that the ends can be made to fasten 
into a foot piece The adhesive strips should 
be well bandaged to the leg with gauze or 
woven elastic bandage Pads of felt or cotton 
should be placed above the condyles of the 
femur on both sides and above the internal 
and external malleoli at the ankle to pre 
vent pressure on the bony parts The bed is 
then elevated at the foot in order to exert 
counter traction Ten to 15 pounds of weight 
are then applied to each leg 

The weight required for the suspension of 
the sling IS about 10 to 20 pounds on each 
side The adhesive side of the shng is next 
to the patient and assures the same fixation 
at all times and prevents any shifting 

All fractures should be checked at in 
tervals by x ray to determine the position 
so that changes in traction can be made to 
influence the position The traction appa 
ratus must be inspected daily for efficiency 
otherwise failure to obtain reduction may 
result Careful attention to proper reduc 
tion and adequate fixation should give very 
satisfactory results Treatment of the com 
plications can also be carried out without 
disturbing the patient 

The time required for these fractures to 
heal can not be stated arbitrarily any more 
than for other types of fracture but should 
be governed by intelligent physical and 
X ray examination in order to determine 
the degree ol dxaiion and amount of callus 
deposit Usually eight to ten weeks is suffi 
cient 

Before allowing the patient out of bed 
a belt should be fitted for protection 
Crutches should be used for (he first two 
weeks out of bed Then exercises such as 
the proper method of walking and wand 
exercises with the patient lying face down 
and on his back should be carried out The 
patient is usually able to return to work m 
fo r weeks after becoming ambulatory a 
♦otal disability time of 12 to 18 weeks 


SEPARATION AT AND FRACTURES 
NEAR SYMPHISIS PUBIS 
Treatment consists simply of lateral com 
pression which is obtained by use of the 
hammock apparatus utilizing the Balkan 
frame (See Figs 677 678 and 682 ) Oper 
ative treatment of these cases is very rarely 
indicated unless reduction cannot be ob 
tamed in any other manner or if excessive 
motion persists with resultant disability 
[Operative repair in these cases is not too 
Simple a procedure It is remarkable how 
little actual disability apart from a vary 
mg degree of waddle in the gait is pres 
ent in these cases Even when the separa 
tion IS wide there is little or no pain or 
discomfort and no economic disability— so 
much is this the case that the decision to 
operate requires considerable justif cation 
If reduction cannot be obtained by con 
servative means operative reduction will 
often prove difficult or impossible and at 
tempts at fascial band or rope silk fixation 
may be all that can be tried These are not 
too satisfactory If operative reduction is 
accomplished fascial suture or bone graft 
fixation are indicated The approach is 
suprapubic by transverse incision 
A second method of reduction in these 
cases IS that advocated by Watson Jones 
This consists m manual compression of the 
pelvis with the patient lying on his side 
under anesthesia with the application of a 
plaster spica while in this position —Fd ] 
Fractures through the sacro iliac joints 
are ctsuaffy accompanred by dishcatian of 
the symphysis and fracture of one or both 
rami Suspension by means of the hammock 
traction on the leg of the affected side and 
counter traction by elevation of the foot of 
the bed are all that is usually necessary 
Manipulation is considered unnecessary On 
some neglected cases with a dislocation up 
ward the fragments fail to unite properly 
In these cases a fusion operation on the 
sacro iliac joint is indicated While the 
operation is being performed enough trac 
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tion should be maintained on the leg of the 
affected side to pull the ilium into as nearly 
normal position as possible; counter-link- 
ing of the block of bone then holds the posi- 
tion effectively. [See Chapter IS for sacro- 
iliac fusion. — Ed,] 

DOUBLE l^ERTICAL FRACTURE 
OF MALGAIGNE 

The double suspension and traction on 
the leg of the affected side is indicated, 
being careful to apply sufficient rveight to 
the leg to pull the pelvis into proper posi- 
tion. The amount of weight necessary can 
be gauged by x-ray. Usually 20 to 25 pounds 
is sufficient. This position is maintained 
until the fracture is thoroughly healed. The 
healing time required varies, but ten weeks 
are usually sufficient. 

In all severe fractures of the pelvis, the 
wearing of a supporting belt is advisable 
for two or three months after the patient 
becomes ambulator>'. 

Operative Reduction. In my opinion, 
operative reduction is only necessar>' in 
those cases in which dislocation of the 
symphysis and sacro-iliac and fracture of 
the ramus occur which cannot be reduced 
with the suspension and e.vtension appa- 
ratus on account of a prolonged aitical 
general condition. The unreduced case, in 
our e.vperience, alnaj's has pain and dis- 
ability unless it is reduced and fixed by 
operation. The tj-pe of operation which the 
author has used in two such cases has been 
very satisfactory. 

Operation. An incision six inches long 
is made over the sjTnphysis, exposing the 
unaffected side. Dissection is then made 
down to the dislocated portion of the 
symphysis. This is grasped with bone-hold- 
ing forceps and pried into position with a 
skid. Holding the corrected position with 
forceps, a hole is drilled through the sym- 
ph)sis from one side to the other, cross- 
ing the joint. A fairly large dowel graft, 
about five-eighths of an inch in diameter, 
is Bounded or inserted through the drill hole 


from one side into the other for a distance 
of one and one-half inches. The bone dowel 
should be fairly thick and strong in order 
to withstand the pressure and to prevent 
re-dfsiocation Small bone chips should be 
placed betM'een the opposing surfaces of 
the s 3 miphysis after removal of the cartilage 
as there is apt to be a slight separation of 
one-eighth to three-sixteenths of an inch. 
The incision is closed in the usual manner. 
After dressing the wound, a tight adhesive 
strapping is applied, starting the adhesive 
well posterior to the anterior superior spine 
and crossing the front of the pelvis to well 
posterior to the anterior superior spine on 
the opposite side, in such a firm manner as 
to further draw the sjanphysis together. 
To further augment the security of the 
pelvis, two weeks later, a sacro-iliac fusion 
is done. 

FRACTURES OF ACETABULUM 
Fractures of the acetabulum with dis- 
placement of the fragment and of the head 
of the femur upward or posteriorly outside 
the pelvis are best treated by means of 
traction and a plasler-of-paris hip spica. 
The extension straps are placed and the 
plaster is applied over sheet wadding which 
is rolled on the leg verj’ loosely so as not 
to interfere with the pull on the leg. A 10- 
or 15-pound weight is used on the straps 
emerging from the lower end of the spica, 
with only a slight amount of counter-exten- 
sion being necessary. Six to eight weeks are 
required for healing. The patient is then 
allowed up, and is permitted to walk on 
crutches, and the healing is checked by 
means of x-ray. In a few of these fractures 
a closed reduction cannot be obtained be- 
cause of a fragment in the acetabulum 
which holds the head out of position. With 
this t}^^ it is necessary to open the joint 
and remove the fragment nhich is prevent- 
ing the bead from sliding into position. 
After operation, traction in a plaster-of- 
paris hip spica is applied and the fracture 
is treated in the same manner as previously 
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described [Well leg traction either of the 
Hoke type or that utilizing skeletal trac 
tion or skeletal traction through the lower 
femur or the tibial tubercle or Russell 
traction can be utilized in the'^e cases For 
the technic of these procedures see Chap 
ters 22 and 35 —Ed ] 

FRACTURES OF ACETABULUM 
WITH PROTRUSION OF HEAD 
INTO PELVIS 

Lateral traction placed high in the groin 
IS indicated It is obtained by using a well 
padded swathe of muslin or canvas about 
four to five inches wide running around the 


the lower end of the femur is adducted 
will often effect a reduction Constant 
lateral traction should be maintained after 
reduction 

[Other methods of redaction may be 
used The Whitman procedure as used in 
reductions of hip fractures is often success 
ful m reduang the head from its intrapelvic 
position It IS best followed by one of the 
methods of continuous lateral traction for 
maintenance of the reduction Cubbins se 
cures lateral and downward traction through 
a large screw inserted laterally through the 
trochanter well into and in the line of the 
femoral neck Adduction of the lower 



Fio 683 {Left) Fracture of acetabulum with minimal displacement 
Fio 684 (Center) Fracture of acetabulum involving ischium 
Fio 685 (Rtght) Fracture through acetabulum with beginning intrapelvic protrusion of 
femoral head 


thigh and attached to a rope running 
through a pulley at the side of the bed A 
Bucks extension with a small amount of 
weight eight to ten pounds should be ap 
plied for fixation of the leg and a 15 to 
25 pound weight should be applied to the 
lateral traction A swathe can be run 
around the pelvis and fastened to the oppo 
site side of the bed to prevent shifting of 
the pelvis (Fig 686) 

Some prefer running a wire anteropos 
teriorly through the trochanter and apply 
ing lateral traction through the attadied 
yoke the principle being the same Slanipu 
lation under anesthesia with slight flexion 
and external rotation with an assistant 
pulling outward on the upper portion of 
the thigh so as to act as a fulcrum while 


femurs while a padded object roughly the 
size of a small 1 eg is held between the 
upper thighs (Jones) is often effective A 
wedge may similarly be used or plaster 
encasement of the thighs with an interposed 
tumbuckle may apply the same principle 
After reduction by any of these methods 
some men prefer to hold the position by the 
application of a plaster spica It is probably 
better however to follow reduction by one 
of the methods of continuous lateral and 
downward traction until healing of the frac 
tured acetabular floor is well established 
This will take usually 8 to 12 weeks The 
patient can then be allowed up and motion 
in the joint can be allowed but weight 
bearing on the affected side should be 
avoided by the use of crutch ambulation 
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or by a non-n-eight-bearing brace on the 
affected side with a high-soled shoe on the 
sound side for the next four to eight weeks 
or longer, depending upon the x-ray evi- 
dence of solidity and density of healing. 
(See Chapter 14 for type of brace.) 


that period of time. If such changes do 
occur, with resultant pain and stiftness, the 
procedure advised in Chapter 15 for ar- 
thritis of the hip joint must be considered. 
-Ed.] 

In irreducible fractures of this kind, al- 



Fic. 686. Longitudinal and lateral traction for fracture of acetabulum nith 
intrapelvic protrusion of femoral head. For fracture of acetabular rim with or 
without subluxation of femoral head outside pelvis, longitudinal traction alone 
may be used. 


In many of these cases, the head can be 
reduced from its intrapelvic position, but 
because of comminution and lack of soft- 
part attachments the acetabular floor fails 
of reduction either partially or completely. 
Even so, the treatment as described should 
be continued until good healing is secured 
(see below). 

It should be remembered that late de- 
generative changes in the hip joint may 
occur following this type of injurj’, and a 
guarded prognosis is wise even though the 
primarj’ result from an anatomic and func- 
tional standpoint may be good. Since these 
changes may take from one to four or five 
years to develop, the patient should be ad- 
vised to undergo a check by clinical and 
x-ray examination at yearly intervals for 


low them to heal firmly. After firm healing, 
a plastic operation is done on the superior 
rim of the acetabulum if motion restriction 
and pain warrant it. Excision of that por- 
tion of the rim preventing motion will give 
a good functional result One of our cases 
done in 1923 in this manner has been vety 
satisfactor}’. [See acetabuloplasty, Chapter 
15, and see also the editorial note imme- 
diately preceding.— Ed.] 
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Injuries to Ribs, Costal Cartilages, 
Sternum, and Sternoclavicular Joint 

Harrison L. McLaughlin, M.D. 


CONTUSIONS OF CHEST 
A contusion of the expansile portions of 
the thoracic cage, whether or not it is accom- 
panied by roentgen evidence of a fracture, 
from the patient’s point of view is fre- 
quently just as troublesome as a definite 
fracture. One reason for the frequency of 
this finding is the difficulty in demonstrating 
an undisplaced fracture of a rib by x-ray in 
the early stages, and not until subsequent 
films show callus formation surrounding a 
rib at the site of the preWous injury is it 
realized that the diagnosis should be changed 
from contusion to fracture. Any contusion 
gmng severe symptoms warrants the same 
therapy as would be accorded a definite 
fracture, and in equivocal lesions the x-ray 
report is to be disregarded as a factor in 
determining the necessary treatment. 

Complications. Contusions are not al- 
ways uncomplicated. ^Mien they occur over 
the hepatic or splenic area it is necessarj' 
to keep In mind the clinical endence to 
warrant suspicion of such an injury'. A 
severe contusion of either region followed 
by an acute abdomen with a progressively 
falling blood pressure and red-cell count, 
and a pulse that becomes progressKely more 
rapid and r\eak in spite of anti-shock meas- 
ures, Warrants e.xploration of the abdominal 
cavity without delay unless these signs can 
be explained on a basis other than that of 
a ruptured viscus. In the presence of signs 


that are equivocal, the wisdom of taking a 
lateral x-ray of the spine in order to rule 
out retroperitoneal hemorrhage resulting 
from compression fracture of a vertebra! 
body is at once apparent. 

Sequelae. Occurring over the lung area, a 
contusion may result in pleuropulmonary 
trouble without producing any fracture. 
Evidence of a localized underlying pleurisy, 
either dry or with effusion, is not infre- 
quently present. Occasionally a localized 
atelectasis may develop underlying the site 
of a contusion and may be followed by 
bronchitis or pneumonia in the region in- 
volved. All such complications constitute 
indications for specific therapy. 

FRACTURES OF RIBS 

Fractured ribs require no treatment to 
insure solid union, which may be expected 
with complete confidence The associated 
symptoms and complications constitute and 
include all the indications for therapy, 
and the fracture, per se, may be disregarded 
unless it is such that its physical character- 
istics ha\'e a direct bearing on some sjTnp- 
tom or complication — e g., pressure result- 
ing from gross displacement of a fragment. 

Relief of Pain 

The all-important symptom is pain, ag- 
gra\*ated by coughing, breathing, and any 
motion in\ohnng the chest wall. 
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Nature s Method of Therapy T his con 
sists of voluntary restriction of his activity 
by the patient and involuntary splinting of 
the thorax and to a lesser extent the ab 
domen by the muscles Both processes are 
useful tending to dimmish the pam Both 
are somewhat harmful since the net result 
of restriction of activity is disability To 
reduce this disability to a minimum becomes 
one of the most important aims of treat 
ment The net result of thoracic splinting 
by muscle spasm is reduction of available 
pulmonary ventilation and a predisposition 
to pleuropulmonary complications Therapy 
producing effective relief of pain is the solu 
tion of both problems 

External Supportive Dressing In the 
ordinary ambulatory patient suffering from 
a severely contused chest or uncomplicated 
nb fractures this is most efficiently applied 
m the form of an external supportive dress 
mg Such dressings may be of various types 
and can be made of divers materials but in 
the final analysis must accomplish their pur 
pose by means of mechanical restriction of 
thoracic excursion 

Figs 687 688 and 689 represent three 
styles of thoracic dressings and the one of 
choice in any given case is to be determined 
by a consideration of the ^evenly of the 
symptoms the age the sex and the build 
of the patient No such dressing should 
completely restrict thoracic excursion The 
more tightly a dressing is applied and the 
more rigid it is made the more handicap to 
adequate pulmonary ventilation is created 
The optimum dressing is that which pro 
duces maximum relief of pain and minimum 
restriction of the normal physiologic func 
tions of the thoracic cage 

Adhesive strapping applied directly to the 
skin at as nearly as possible 90® to the long 
axis of the ribs and extending several inches 
above and below the painful area is easily 
applied and gues adequate relief in those 
cases suffering from mild pain 

Before application of the adhesive the 
skin should be shaved when necessary, and 


coated with tincture of benzoin compound 
Tlie patient should be made to hold the 
arms akimbo and to exhale prior to the 
application of each strip of adhesive and 
each strip should extend well past the mid 
line both anteriorly and posteriorly as in 
Fig 687 The strips should be laid on in 
exhalation and not applied with further 
constricting force Such a dressing has the 
advantage of producing a minimum of 
thoraac restriction but by the same token 
gives relatively little relief to a patient who 
IS suffering really severe pain 

In women particularly when the breasts 
are pendulous its application is difficult and 
the amount of relief obtained is insufficient 
to compensate for the misery produced by 
nearing it and to any patient its presence 
IS particularly intolerable in hot weather 
Consequently the choice of this type of 
dressing is ill advised during hot weather 
or in women and also in any person suffer 
ing severe pain or m whom it is apparent 
that support will be required for more than 
a few days 

For the relief of pam m the average un 
complicated case a complete encirclement 
of the thorax in exhalation by adhesive 
strapping applied over an insulating layer 
of flannel bandage (Fig 688) will be found 
to satisfy the requirements of comfort and 
wearability Such a dressing has the advan 
tages of protecting the skin allowing ade 
quate ventilation and also giving more effi 
aent syn^tomatic relief than the applica 
tion of adhesive directly to the hemithorax 

In order to prevent wrinkling of the dress 
ing and to maintain it at the desired level 
It IS necessary to hold it up with suspenders 
of any soft bandage material which are 
fastened to the main dressing by safety pins 
However the same type of dressing using 
any one of the bandages that is both elastic 
and adhesive instead of ordinary adhesive 
plaster is even more efficient in that it will 
give as much relief and produce less con 
stnction 

A thin but rigid dressing can be made 
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with plaster of paris carefully molded to the sion. This effect is contraindicated by the 
thorax in the form of a Sam Browne belt threat of pleuropulmonary difficulties. The 
(Fig. 6S9). Such a support is rarely neces- most efficient prophylaxis against the latter 
sarj’ unless rigid protection of the thoracic complication is maintenance of both pul- 
cage is desired, or in fractures of the upper monar>' ventilation and the ability to cough, 
two or three ribs requiring stabilization of In severe injuries or in elderly persons the 
the lower mobile portion of the thoracic restricting powers of any dressing should be 


Fig. 6S7 Fic. 688 Fig. 689 




Fig. 690 Fic. 691 


Fig. 687. Adhesive strapping used as a thoracic bandage. 

Fig. 6SS. Adhesive strapping applied over an insulating laj'er of flannel. 

Fig. 689. Plaster bandage molded to thora.v. The form is that of a Sam Browne belt. 
Fig. 690. JIaneuver for dislocation at sternoclavicular j’oint. 

Fig. 691. Dressing for dislocation. 


cage as well as an additional support molded 
over the involved shoulder. 

RILlnr OF PAIN BY KERN'S BLOCK 

In a selected group of cases, particularly 
in multiple lesions of more serious import 
or in elderly persons prone to pulmonarj' 
stasis if bedridden, an external dressing in 
order to be adequate from the riewpoint 
of sj^mptomatic relief must be applied so 
tightly that it over-restricts thoracic excur- 


minimal. Opiates favor neither ventilation 
nor coughing, and should also be curtailed 
as much as possible. The best way of main- 
taining active thoracic ventilation and 
coughing power coincident with elimination 
of pain is by actual interruption of the pain 
stimuli by ner\-e block. ^lerely as an au-x- 
iliaiy measure, often unnecessary, a light 
and relatively unrestricting e.xtemal sup- 
port can be applied. 

NeotheosoL The most prolonged ancs- 
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thetic effect is obtainable by the injection 
of neotheosol but the use of any such heavy 
solution entails the risk of a severe local 
inflammatory reaction if more than 1 cc is 
allowed to collect in a single tissue region 
This reaction is marked by redness swell 
ing pain tenderness and at the site of the 
injection local heat of sufficient intensity to 
defeat the mam purpose of the injection 
It IS frequently accompanied by fever in 
creased pulse rate leukocytosis and gen 
eral malaise but while these manifestations 
may be se\ ere they are as a rule transitory 
and require nothing except bed rest and 
sedation for their control Such a reaction 
has no permanent harmful effects and sel 
dom lasts for more than 48 hours 

Procaine Hydrochloride Procaine hy 
drochloride in a 1 or 2 per cent solution 
depending upon the volume to be injected 
IS advised The intercostal nerves at the 
site of pain only may be anesthetized with 
moderate though transient relief of symp 
toms but the blocking of several nerves 
above and below the site of pam is often 
necessary before adequate symptomatic re 
lief IS obtained 

Injections should be made into the inter 
costal spaces at points posterior to the 
actual sites of fracture and should be a 
little posterior to the points of emergence 
of the lateral cutaneous nerve branches The 
needle should be inserted to contact the rib 
above the space to be infiltrated and its 
point then earned gently doiimvard follow 
mg the outer aspect of the nb to its lower 
border then to the interosseous space As 
the needle is felt to reach the lowermost 
edge of the nb an aspiration test should be 
earned out with the needle rotated in two 
planes in order to make certain that an 
intercostal vessel has not been punctured 
From 2 to 4 cc of the anesthetic solution 
may then be sloulj injected this amount 
should prove adequate for temporary block 
age of the intercostal nerve 

During the course of such a procedure 
signs of pleural or pulmonary puncture 


such as a sudden coughing spasm or a bitter 
taste in the mouth have been reported but 
if care is taken to maintain the needle point 
in close contact with the nb and to insert it 
no farther than the lowermost palpable edge 
of the bone the danger of such puncture is 
remote 

Paravertebral Block Paravertebral 
block of the intercostal nerves gives a more 
prolonged and efficient anesthesia and has 
the advantage of being removed from the 
site of local tissue injurj The best pro 
cedure is probably the Labat No 1 technic 

The patient is placed on the uninjured 
side knees and hips flexed to widen the 
intercostal spaces With procaine hydrochlo 
ride a skin wheal is raised 4 to 5 cm lateral 
to each spinous process corresponding to 
the intercostal spaces selected for injection 
If a small nick is then made with a sharp 
pointed scalpel through the skin in each 
wheal the insertion and control of the m 
jecting needle will be more easily accom 
plished The needle should be of 20 gauge 
caliber and from 8 to 10 cm in length It 
IS inserted through the skin nick at right 
angles to the skin to hit the surface of the 
nb lying just above the «pace to be in 
filtrated The handle of the syringe should 
then be lilted outward and upward toward 
the shoulder on the affected side to make 
an angle of about 4S ® with the skin surface 
and the needle is slowly advanced inward 
and downward for about 1 cc until it is 
felt to slip off the lower border of the nb 
Maintaining the same direction if the needle 
IS then further advanced for another 2 cm 
or so it will be felt to impinge against the 
body of the vertebra 

■Ihe entire procedure should be carried 
through with the utmost gentleness and if 
the directions are adhered to repeated aspi 
ration tests W'lll be sufficient to eliminate 
the possibility of a mishap 

The point of election for the injection of 
the anesthetic agent is (hat at which the 
needle impinges against the vertebra A so 
lution of procaine hjdrochloride stronger 
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than 1 or 2 per cent may have toxic effects, 
and a weaker solution requires the injection 
of too great a volume of the agent, but S to 
6 cc. of a 1 or 2 per cent solution, if cor- 
rectly placed, will diffuse sufficiently to 
produce anesthesia of the anterior and pos- 
terior primarj' divisions of the nerve as well 
as of the communicating rami. As a general 
rule, unless three or less intercostal spaces 
are to be injected, the 1 per cent solution 
should be used. This procedure will produce 
up to 12 hours of marked sjTnptomatic re- 
lief, during which time the patient can be 
moved about with little discomfort, and 
during which respiration and cough are not 
unduly curtailed by pain. llTien this period 
of relief has passed, if the indications are 
still present, reinjection may be done. Not 
infrequently it maj’ be necessarj' to repeat 
the procedure several times on succeedbg 
daj-s. 

At times, because of age and imminent 
threat of pneumonia, multiple injuries, 
shock, or dangerous respirator)* embarrass- 
ment due to pain aud muscle spasm, the 
period of s>Tnptomatic relief obsiously nec- 
essar)’ will greatly exceed that obtainable 
by the use of procaine and its use will 
entail many injections. In such selected 
cases the gravity of the situation constitutes 
an indication for more prolonged anesthetic 
effect. This may be had by injecting about 
1 cc. of 93 per cent absolute alcohol into 
each interspace directly following the com- 
mencement of the procaine effect. 

A certain number of dangers attend this 
use of alcohol and it should be considered 
as not without risk, especially in inexperi- 
enced hands. The technic of the injection 
is unchanged, but the injection of alcohol 
should always be preceded by the procaine 
block, using 3 to 4 cc. rather than 5 to 6 cc. 
of the anesthetic, and the amount of alcohol 
should not exceed 2 cc. in volume for any 
one interspace, nor should it ever be in- 
jected until the anesthetic effect of the 
procaine is established. 

The result to be expected is a paralytic 


and anesthetic effect that lasts for several 
weeks. Some of the smaller sympathetic 
rami may never regain their function fol- 
lowing exposure to alcohol but the main 
paralytic effect is seldom obser\’ed to last 
more than about three weeks. 

Dangers Attending Injection. The dan- 
gers attending the actual technic of injec- 
tion include pleural, pulmonar)', blood- 
\'essel, and subarachnoid puncture. IV’ith the 
use of procaine the possibility of any serious 
or permanent trouble is remote even in the 
e\ent of an inadvertent puncture of one of 
these structures, but it will be obvious that 
the misplacement of a significant quantity 
of alcohol carries serious potentialities. 

Pleural Puncture. If done with a small- 
bore needle, pleural puncture will not re- 
sult in a pneumothorax, and the presence 
of procaine in the pleura will do no barm 
If procaine is acddentally placed in the 
pleural space the result will be a fit of 
coughing, and such a sign during the course 
of an injection procedure is the indication 
for cessation of injection and realignment 
of the needle. /Ucohol in the pleural space is 
characterized by a se\ ere localized burning 
pain which occurs as soon as the anesthetic 
effects of the procaine wear off. The result 
is a localized chemical inflammation that is 
more severe from a symptomatic dewpoint 
than it is serious. 

Lung Puncture. This will ordinarily be 
preceded by the signs of pleural puncture 
if the injection is done as slowly as it 
should be. It is characterized by a bitter 
taste in the mouth due to procaine in the 
lung, and by the appearance of blood b)- 
aspiration. Unless the operator disregards 
these signs and persists in the misdirected 
injection, no harm will ensue, 

Blooi>-\'xssel PuscTtTRE. Blood-vesscI 
puncture with a small-bore needle is a re- 
mote po'sibility, and is easily avoided by 
repeated aspiration tests in two planes. The 
most serious result of such an incident will 
be the formation of a small hematoma of no 
clinical significance. 
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Subarachnoid PuNCTtniE Subarachnoid 
puncture through the intervertebral fora 
men is almost impossible if the described 
technic is carefully followed It must be 
borne in mind, however, that the sub 
arachnoid space may be entered and spinal 
fluid withdrawn by puncturing a prolonged 
cul de sac surrounding the nerve root as it 
emerges from the spinal canal Aspiration 
tests prior to the injection of solution 
should always be done to eliminate this 
possibility, because, while the injection of 
procaine into this space may have alarming 
if only transient results, the injection of 
alcohol has been known to produce some 
unhappy and avoidable disasters 

The injection of alcohol, even when prop 
erly placed is not always free from un 
toward results Not infrequently it is fol 
lowed by an irritation neuritis of the 
corresponding somatic nerves, and this 
symptom may not only be troublesome 
enough to require control by repeated pro 
came injections but also may persist over 
the course of many weeks Consequently, 
alcohol must be considered as an agent to 
be used only when the indications are im 
perative, and then only by the surgeon who 
IS both skilled m the technic of its use and 
prepared to cope with any undesired results 
that maj ensue 

Complications of fRACTURED Ribs 

The complications of fractured nbs are 
potentially numerous and constitute tbera 
peutic indications of much greater impor 
tance than usually arise from the fractures, 
per se 

Pleurisy Pleurisy is common , it may be 
of a dry type or characterized by effusion 
Effusions resulting from purely traumatic 
causes should be emptied only to relieve 
pressure symptoms (such as marked d>'sp 
nea tachycardia, and mediastinal displace 
ment), but any appreciable volume of 
pleural fluid warrants a diagnostic punc- 
ture TOether the fluid proves bloody or 
clear there is frequently an accompanying 


low grade temperature and no such patient 
should be allowed out of bed until the fluid 
has absorbed and the temperature has re 
mamed normal for a week or so The tern 
perature reaction in a pleurisy of purely 
traumatic etiology w ill usually subside 
nithm the course of a week or ten days 

Pneumothorax Pneumothorax occasion 
allv assumes alarming proportions espe 
cially in the sucking or ball \alve type of 
lesion which produces a progressive eleva 
tion of intrapleural pressure and a sec 
ondary displacement of the mediastinal 
structures The clinical result is a combma 
tion of circulatory and respiratory embar 
rassment severe enough to demand prompt 
deflation of the pneumothorax by repeated 
aspirations or by a closed system of catheter 
drainage Subcutaneous emphysema may be 
marked When the pleural tear occurs on 
the mediastinal surface, this emphysema, 
after working its way upward along the 
mediastinal alveolar planes and the route 
of the carotid sheath will first become ap 
parent in the neck Occasionally, but very 
rarely, incision of the neck is necessary 
before mediastinal deflation can be accom 
plisbed 

Hemothorax This is common m severe 
injury and depending on the severity of the 
injury and the amount of blood loss may 
or may not be accompanied by shock If 
the amount of blood m the pleural cavity 
is small It should not be disturbed but any 
hemothorax of significant amount should be 
aspirated and replaced bj two thirds of an 
equal volume of air to preserve the tarn 
ponade effect If a large amount of blood 
IS allowed to organize in the pleural cavity 
a marked pleural thickening is prone to 
occur, at times sufficient to prevent re 
e^nsion of the lung Such a fibrothorax 
IS sooner or later characterized by acatri 
cial retraction and may result in a late 
empyema or bronchiectasis in the adjacent 
lung tissue 

Intercostal Hemorrhage Although com 
mon, intercostal hemorrhage is rarely of a 
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sufficiently severe degree to warrant ^ecific 
therapy or consideration as a complication. 

Pulmonary Hemorrhage. This is pres- 
ent to some degree in every lacerated lung, 
but the spontaneous collapse produced by 
the laceration is almost always sufficient to 
control it adequately. 

Pneumonia. Pneumonia is always a po- 
tential complication, particular!}’ in bed- 
ridden or elderly patients, and its optimum 
therapy is prophylactic in nature. This has 
already been discussed. While the relief of 
pain is probably the most important factor 
in the accomplishment of this prophylaxis, 
the use of carbon dioxide is at times neces- 
sar}’ to enforce deep breathing, and oxjgen 
may be useful in helping to produce maxi- 
mum aeration with a minimum of effort. 
Once established, pneumonia becomes the 
therapeutic problem of primary importance 
and the rib fracture should be relegated to 
the position of a complication desetwing of 
active treatment only when its presence 
interferes with the course of treatment of 
the pulmonar}’ condition. 

Paralytic Ileus. Occasionally paralytic 
Ileus occurs; it should lead to an immedi- 
ate suspicion of intra-abdominal injur}', al- 
though this is not always the case. .Autopsy 
e,xaminations of ileus patients have been 
occasionally reported as negative for any 
evidence of traumatic patholog}’ e.xcept 
fractured ribs. 

Late Compression Neuritis. Late com- 
pression neuritis by pressure of contiguous 
callus is sometimes encountered, especially 
following lesions of the proximal portions 
of the upper three ribs. The resultant clini- 
cal s}'ndrome is inclined to be somewhat 
vague due to the varied number and dis- 
tribution of the nerves that may be affected, 
and for this reason the basic site of pathol- 
og}’ is often hard to localize. It is difficult 
to obtain adequate .x-rays of the proximal 
portions of the upper ribs, and in such a 
case (which may present the picture of 
\\T}'neck, a neuritic tjpe of pain radiating 
from the neck along the upper extremity. 


atrophy and weakness of various groups of 
muscles in the extremity, and poorly local- 
ized sensory changes), a clear roentgeno- 
logic demonstration is all-important in the 
establishment of the primary etiolog}-. Such 
cases constitute a neurosurgical problem of 
no little difficulty. 

Severe Crushing Injury with Multiple 
Fractures, Acute Pleuropulmonary Com- 
plications and Shock. The most difficult 
therapeutic problem occurring nith frac- 
tures of the ribs is that resulting from a 
severe crushing injur}' with multiple frac- 
tures, acute pleuropulmonar}’ complications, 
and shock. Frequently the treatment of this 
t>pe of case is made more difficult b}’ the 
presence of additional injuries to the cra- 
nium, spine, or extremities. 

In any severe thoracic injur}' the head 
of the bed should be elevated to the point of 
maximum comfort of the patient and a 
fracture board inserted under the mattress. 
Transfusions or administrations of fluids 
parenterally should be done in accordance 
with the indications of the hematocrit and 
plasma-protein findings. Body temperature 
must be maintained and adequate sedation 
administered in accordance with the de- 
mand. Hemo- or pneumothorax should be 
relieved if productive of circulator}’ or 
respirator}- embarrassment. Paravertebral 
block is usually indicated when or if the 
patient’s general condition permits, and the 
diances of maintaining adequate pulmonar}' 
ventilation with a minimum of effort are 
greatly enhanced by the use of an oxygen 
tent. 

If there is an accompanj-ing fracture of 
the sternum with a fragment so depressed 
that x'enous obstruction is produced in the 
superior mediastinum, the depressed frag- 
ment should be elevated, but the fractured 
ribs, per se, unless gross displacement ap- 
pears to definitely interfere with the nec- 
essary treatment of the pleuropulmonary 
condition, usually warrant no active treat- 
ment other than stabilization by sandbags 
or a light binder. 
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Once the patient is out of immediate 
danger the subsequent therapy should be 
designed to minimize or prevent the occur- 
rence of further complications and to con 
trol whatever pleuropulmonary condition 
results from the original injury 

FRACTURES OF STERNUAl 
Fractures of this bone are rare They usu 
ally occur in the region of the junction of 



Fig 692 Side arm traction applied for 
mimmizing of residual deforaiit) 


manubrium and gladiolus, and when undis 
placed warrant no treatment other than 
control of pain and stabilization of the 
thoracic cage by some form of binder The 
prognosis is good, and as a rule ^onpto 
matic recovery is complete within the 
course of several weeks 

Occasionally such a fracture may be dis 
placed, the displacement is almost always 
characterized by a depression of the lower- 
most fragment This displacement is often 


spontaneously corrected by a sneeze or a 
cough on the part of the patient, or if not, 
can usually be reduced by hyperextension 
of the dorsal and cervical spine over the 
edge of a bed or table If such a maneuver 
fails it may at times be necessary to per 
form a direct elevation of the depressed 
fragment through an operative incision 
particularly when there are signs of su 
perior mediastinal venous obstruction eg 
cyanosis and petechial hemorrhages in face 
and neck, or when the optimum cosmetic 
result IS demanded 

Once reduction has been accomplished no 
dressing other than a light binder is neces 
sary, and whether or not bed rest is needed 
depends entirely on the severity of symp 
toms and the presence or absence of me 
diastinal complications In the absence of 
pressure symptoms reduction of the de- 
pressed fragment is essential only from the 
viewpoint of the cosmetic result, and while 
elimination of the bony deformity is de 
sirable in all cases, and particularly desir 
able in women, no harmful result except 
deformity will ensue if such a fracture is 
allowed to heal m an unreduced position 

DISLOCATIONS AT STERNO 
CLAVICULAR JOINT 

Dislocations at this joint are character- 
ized by a displacement of the inner end of 
the clavicle that is always slightly upward 
and, in addition, either forward or back 
ward in relation to the sternum In cases 
having an anlenor displacement the de 
formity IS quite apparent, and as a rule 
easily reduced Those with posterior dis 
placement are a little less obvious of diag 
nosis, and, although easily reduced, are 
somewhat more serious in their clinical 
implications because once the inner end of 
the clavicle commences to slip backward it 
produces pressure symptoms, primarily on 
the trachea and later on the superior 
mediastinal vessels Consequently in this 
tjqje of lesion the alarming clinical picture 
of extreme dyspnea and cyanosis is not rare 
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and calls for immediate relief of the me- 
chanical obstruction by reduction of the 
dislocation. 

In either t>'pe of displacement reduction 
is easily accomplished by traction on the 
shoulder in a direction parallel to the long 
axis of the clavicle, i.e. outward, backward, 
and slightly upward. This maneuver is more 
easily accomplished if the patient is placed 
on his back with the arm hanging over the 
side of the bed or by placing him in a posi- 
tion similar to that illustrated in Fig. 690. 
This position has certain advantages in that 
it utilizes the weight of the involved arm to 
assist in the traction necessary for reduc- 
tion, the weight of the other arm for bal- 
ance, and their combined weight in assisting 
to maintain reduction during the applica- 
tion of a splint. In addition, the shoulders 
are left free to be splinted without any 
undue motion or disturbance of the freshly 
reduced lesion. 

Attempts to maintain reduction merely 
by the use of a pad and adhesive strapping 
over the injured joint, no matter how 
tightly applied, are useless. Maintenance of 
reduction is diiBcult in all cases and the 
only efficient dressing is one that bolds the 
shoulders upward, outward, and backward 
so that the weight of the extremity pulling 
downward on the outer end of the clavicle, 
and thereby levering the inner end out of 
position over the fulcrum of the first rib, is 
minimized. 

Adequate dressings for this purpose are 
similar to the tj-pe of dressing used in frac- 
tures of the clavicle, and may be fashioned 
of plaster-of-paris splints molded to the 
shoulders as in Fig. 691, or of wood or 
metal in the form of a clavicular cross. Such 
a dressing should be worn for at least four 
weeks and should be followed by an addi- 
tional period of restricted acthily of several 
weeks’ duration. 

In women, where the cosmetic result is 
of major importance, and when economic 
circumstances permit, complete bed rest for 
three to four weeks with continuous side 


arm traction as in Fig. 692 offers the 
optimum chance for the lesion to heal with 
a minimum of residual deformity. 
Operative Repair. Operative repair of 
a dislocation at this joint is indicated when 
adequate maintenance of reduction cannot 
be secured by conser\'ative methods and 
when subsequent slipping and clicking in 
the joint, e%’en though painless, have caused 



Fig. 693. Strip of fascia or tendon 
used to repair tom ligaments. 



Fig. 694. Another method of 
repairing a tom ligament. 


the patient sufficient bother and inconven- 
ience to warrant such a procedure. 

The deranged joint should be e.xposed on 
its anterior surface and the articular fibro- 
cartilage removed. In order that a fibrous 
union may occur between the two bones the 
cartilage should also be remo\ed from the 
articulating surfaces of both sternum and 
clavicle. Inasmuch as secure stabilization 
by direct repair of the torn ligame-ls is 
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very difficult the reduced joint should be 
supported by a strip of fascia or tendon, 
passed through both bones as in Figs 693 
or 694 Great care should be taken dunng 
the course of any surgical procedure in ibis 
region to protect from damage the superior 
mediastinal structures which are closely ap 
proximated to the posterior surface of the 
joint 

Postoperative treatment should include a 
preliminary period of two weeks dunng 
which the patient is kept m bed with the 
extremity suspended as m Fig 692 fol 
lowed by another period of at least four 
weeks during which the patient may be 
come ambulatory but in which the repaired 
joint is protected from excess strain by a 
dressing similar to that shoi\n in Fig 691 
All protection may then be removed and 
the patient allowed to resume normal ac 


tivities progressively [Excision of the inner 
two inches of clavicle subperiosteally is a 
simple way of dealing with these disloca 
tions It occasions no disability no loss of 
stability in the shoulder girdle and pro 
duces no deformity of any note Function 
can be resumed when the wound is healed 
-Edl 
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Injury to Shoulder Girdle 

Henry C Marble, M D 


From the surgeon’s point of Mew, the 
shoulder girdle consists of (1) the claMcle 
(2) the scapula and (3) the upper end of 
the humerus In reality it is not a girdle at 
all because the scapulae do not unite in the 
back and the claMcIes are separated in front 
by the sternum The clancle attaches the 
shoulder to the chest and at the «ame time 
holds It awaj from it 
The claMcle is attached to the sternum 
bj firm ligaments forming the sternoclaMC 
ular joint to the acromion process of the 
scapula b> the acromiocIaMCular ligaments, 
to the coracoid process directly below it b> 
the strong coracocIaMCular ligaments, and 
to the first rib b> the subclaMan mu«cle 
and the rhomboid ligament (Fig 695) 
Mechanicallj the bonj structure of the 
shoulder joint is weak Its strength is ob 
tamed from the strong muscles which sur 
round and protect it, particularly abo\e, 
antenorlj, and po&tenorlj It is further 
protected from injury abo\e bj the o\er 
banging acromial process The capsule of 
the shoulder joint abo\e, anteriorlj, and 
po'teriorl> is intimatelj connected with and 
reinforced bj the short rotators of the 
shoulder— the «ubscapularis in front, the 
supraspinatus abo\e, and the infraspinatus 
and teres minor posteriorl> and below It 
la protected in front b> the pectoralis major, 
the latis«imus dor«i, and the teres major 
The long tendon of the bicepa, ariamg from 
the upper rim of the glenoid, pas«es through 
the joint and then through the biapilal 


groove, anterior to the greater tuberositj 
and down the arm to form one anchoring 
attachment of the biceps muscle Over all 
the joint IS covered and protected bj the 
large deltoid muscle (Figs 696 and 697) 

The subdeltoid bursa, like a large deflated 
balloon, is deep to the deltoid muscle and 
superficial to the mu«cles and tendons form 
mg the upper part of the capsule of the 
joint It permits separate function of the 
definite layers of muscles m abduction, 
flexion extension, and rotation 

The upper end of the humerus is much 
larger than the glenoid and is held in place 
in the glenoid onl> b> the action of the 
strong muscles described above It is pro- 
tected supenorlv b\ the acromion process 
which has an articular facet on its loner 
surface The shoulder girdle as a whole is 
elevated bj the trapezius mu'^cle and de 
pressed b> the latissimus dorsi Passing 
through the axilla, under cover of the 
shoulder girdle, are the brachial plexus, the 
brachial arterj, and the brachial vein The 
cIa^^de IS the inner prop of the 'houlder 
girdle (Fig 698) 

CLWICLE 

Fractures of Clavicle The«e usuallj 
occur in the outer half of the bone, and 
65 per cent occur m the first two decades 
of life Fractures from direct violence are 
unu:>ua1, and compound fractures are verj 
rare Following fracture, the proximal frag 
ment is firmlj fixed and the outer fragment 
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is displaced downward and forward by the 
weight of the extremity. X-ray examina- 
tion should be made to determine whether 
or not there is injury to the distal and 
proximal joints. Clinical examination should 
exclude damage to the brachial vessels and 
nerves. 

Treatment. The function of the clavicle 
is to aid in holding the shoulder upward 
and backward. With a fracture this power 
is lost. The logical treatment is to restore 
it. This is best accomplished by sitting the 


held in right-angled abduction jind with the 
shoulders held back in the position which 
secures adequate reduction The crossarm 
is applied first, as illustrated in Fig 699, 
and the vertical arm is then carried down 
and fastened. The structures in the axilla 
must be protected by adequate padding of 
the bands which fasten the shoulders to the 
crossbar. If a straight wooden or metal 
vertical bar is used, the space between it 
and the patient’s spinal curve should be 
filled with firm padding. The lower end of 



paUeut upow a low stool, standing behind 
the patient and putting the knees between 
his shoulder blades, grasping the heads of 
both humeri with the hands, and gently 
lifting upward, outward, and backward. 
This reduces the fracture The problem now 
is to devise some apparatus which will hold 
the shoulder in this position. Any device 
that does this without abolishing shoulder 
function is good treatment. 

TYPES OF APPLIANCES USED FolIowing are 
types of appliances used: 

1. A T-shaped splint, with the shoulders 
fastened to the crossarm and the vertical 
arm applied to the back (Fig 699). This 
splint may be of wood, well padded, or of 
metal. In the latter instance the vertical 
arm can be molded to the curves of the 
back. It should be applied with the arms 


the vertical atra raust be kept Itt the mid- 
line by adhesive strapping or by adequate 
bandaging. Frequent observation is neces- 
sary to preclude inordinate pressure on the 
vessels and nerves in the axilla, or undue 
loosening of the axillary bands allowing sag- 
ging of the shoulder. Active motion is 
encouraged from the beginning, with per- 
haps the wearing of a sling for the arm of 
the affected side for the first ten days or 
two weeks The splint should be worn for 
from four to six weeks— until x-ray and 
clinical evidence of union are present. At 
this time full shoulder function should be 
present, and no after-treatment should be 
necessary, 

2. A simple shoulder brace of metal- 
reinforced leather and webbing that holds 
the shoulders upward, outward, and back 
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Fig 698 Position of bones of the shoulder girdle m abduction and in elevation 




Fig 699 T «plint for fracture of clavicle (\) \ertical arm, (B) horizontal arm, 
(C) padded band binding shoulder to horizontal arm, (D) space between patient s back 
and vertical arm to be tilled bj padding (E) bandage holding lower end of vertical 
arm (Courtesj, ’\IuiTa>, C R Ireatment of Injur>, New \ork, Harper Brothers ) 
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(Fig. 700). The principle involved is the 
same as with the T splint, but the appa- 
ratus is less cumbersome and allows the 
clothing to be worn more easily and more 
normally. It is not, perhaps, so effective 
mechanically. 

3. In children, a well-padded figure-of- 
eight cotton or elastic flannel bandage ap- 
plied from behind with the shoulders held 
well back will be adequate to carry out the 
same purpose (Fig 701). 


Fro. 700. Simple shoulder brace for frac- 
ture of clavicle. 



Fig. 701. Figure-of-eight bandage of 
flannel for fracture of clavicle in chil- 
dren. There should be adequate padding 
of axillary portion to protect axillary 
vessels and nerves. 



Fic 703. Traction-suspension of 
upper extremity. Adhesive traction to 
upper arm and vertical suspension of 
lower arm. 



Fig. 702. Plaster double L for fracture 
of clavicle in older children and slightly 
buUt adults. Axillary portion should be 
well padded, and plaster should be ac- 
curately molded and allowed to harden 
while reduced position is maintained. 


{In older children, a well-padded double 
L of plaster of paris can be used (Fig. 702) 
to good effect. Usually it is not strong 
enough for adult wear. 

While, in general, any device which 
allows the patient to be up and actively 
about is more satisfactory than one which 
immobilizes either the patient or bis ex- 
tremity, in the adult the methods described 
above will not insure accurate anatomy or 
minimally visible callus. A visible or pal- 
pable callus frequently results If a maxi- 
mum in the aesthetic result with a minimum 
of visible or palpable deformity is desired, 
bed treatment is usually necessary. This 
requires that the patient lie flat on the back 
with enough padding under the spine be- 
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tween the shoulder blades to allow the position until good solid bonj union is ob 
shoulders to drop back (Stimson) If nec- tamed — usually five or sux weeks, some- 
essarj, the arm on the affected side may times longer —Ed ] 
be suspended in wide enough abduction to internal fixatiov In recent jears in 

ternal fixation has been advised and ef- 




Fics 704, 705 

1 Expose through anterior in 
cision 

2 Thread Kirschner wire 
into medulla of outer fragment 
It will emerge through skm be 
hind acromion 

3 Cut mre at fracture line 

4 Reverse drill Reduce frac 
ture Pass wire by v iston into 
proxunal fragment IK" to 2" 

5 Cut off excessive wire under 
skin 

6 After healing of bone re 
move wire under local anesthesia 

If wire should migrate it will 
come out through skin This 
should alwajs be done as a clean 
open operation 


accurate!} restore the outer fragment to fected b} introducing an intramedullary 
normal alignment with the inner one, and Kirschner wire after reduction, allowing 
may be maintained in this position by a active mobilization thereafter as m the 
few pounds’ traction applied through adhe treatment b} T splint or «houlder brace 
sive skin Straps to the upper arm (Fig 703) methods A sling is used for the first ten 
If this arduous treatment is deemed worth days or tvxo weeks as needed WTien bon} 
while for the sake of the anatomic result union is complete, the wire is removed, no 
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Fractures through the rhomboid-liga- 
ment attachments near the inner end of 
the clavicle require merely a sling and 
swathe for a few days, followed by the sling 
alone with local symptomatic therapy. The 
rhomboid-ligament attachments prevent dis- 
placement Those through the conoid and 
trapezoid ligaments near the outer end are 
in the same category. Those beyond the 
attachments of these latter ligaments, and 
between them and the acromioclavicular 
joint, show the same displacement and re- 
quire the same treatment as the so-called 
incomplete dislocations of that joint (see 
below). 

Nonunion rarely occurs in fractures of 
the clavicle When it does happen it usually 
results from interposition of platysma or, 
more rarely, subclavius muscle. The treat- 
ment is that of nonunion elsewhere, adapted 
to the clavicle. [See Chapter 22 for treat- 
ment of delayed and nonunion.—Ed.J 

Sternoclavicular Dislocation. This dis- 
location as a fresh injury is rare, but it is 
painful and incapacitating It is easily seen 
and readily palpated. Dislocation is usually 
upward Occasionally it is forward or back- 
ward. In these latter cases the respiratory 
distress occasioned by the pressure of clavi- 
cle <m trachea may be severe, with marked 
dyspnea and cyanosis. In either displace- 
ment the reduction is accomplished by pull- 
ing the shoulders back against forward 
counter-pressure between the ^ofoldet 
blades as described for fracture of the clavi- 
cle, and is maintained by the same methods 
as described for fracture of the clavicle. The 
immobilization must be maintained for from 
six to eight weeks Habitual dislocation of 
the cases with upward or forward displace- 
ment is not uncommon 

Habitual Dislocation. This may occur 
without an original traumatic lesion, or as 
a result of it. It may be an annoyance only, 
or it may be unsightly, and sometimes is 
painful. 

TREATMENT. Treatment is by open reduc- 
tion The anterior sternoclavicular liga- 


ments are repaired, and the clavicle is held 
in place by anchoring its inner end to the 
second rib by a fascial strip After this has 
been accomplished, satisfactory results will 
usually follow. 

[The intra-articular meniscus is fre- 
quently dbtorted, and must be removed. 
The repair of the anterior ligaments is at 
times impossible, and fascial replacements 
must be used. Chronic arthritis with dis- 
comfort or pain maj' ensue following the 
repair. Bleeding may be bothersome For 
these various reasons the procedure here 
described, as well as other reconstructive 
operations, may be difficult and disappoint- 
ing. 

Subperiosteal resection of the inner inch 
or inch and one-half of the clavicle is far 
more simply done, eliminates the deformity 
and the threat of later arthritis, and gives 
excellent function in a short time, since im- 
mobilization is needed only until wound 
healing is assured —Ed ] 

Dislocation of the outer end of the 
clavicle is relatively common It usually 
occurs as a result of a heavy downward 
blow resulting from a fall on the tip of the 
shoulder or from a blow by a heavy object 
The displacement is always of the clavicle 
upward and backward, and the extent of 
the displacement is dependent upon the 
amount of injury to the acromioclavicular 
and the coracoclavicular ligaments The pa- 
tient sbowW be examined and x-ta^ed while 
standing 

Inspection shows the outer end of the 
clavicle elevated and the tip of the shoulder 
drooping The dislocation can be reduced 
by pressing a hand under the elbow upward 
and backward X-ray examination, standing 
with the arms hanging, should always in- 
clude both shoulders on the same plate. 

If the clavicle is elevated and the 
acromion dropped on the affected side, but 
the distance between the coracoid and the 
clavicle is the same on the two sides, only 
the acromioclavicular ligaments are torn 
and the attachment of clavicle to scapula 
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by the conoid and trapezoid ligaments is 
intact If, in addition to the disturbed rela 
tion between acromion and clavicle the 
coracoid and clavicle are more widelj sepa 
rated on the affected side than on the sound 
'Side, then the conoid and trapezoid liga 
ments are torn to a corresponding degree 
The former is the so called incomplete dis 
location, the latter the complete dislocation 

Reduction is eas> maintenance of reduc 
tion, difficult The shoulder must be raised 
and pulled backward To accomplish this 
the following methoda have been devised 

1 A back brace similar to the clavicular 
splint (see clavicle fracture above) 

2 A strap device which holds the end of 
the clavicle downward b> pressure with 
counter pressure around the point of the 
elbow, as in the so called Stimson dressing 
(Fig 706) 

3 Surgical operation to restore the aero 
mioclavicular ligaments and the coraco 
clavicular ligaments in the complete dis 
locations 

Partial Dislocations These are common 
and often painless even with a severe de 
gree of acromioclavicular displacement 
Methods 1 and 2 above are adequate for 
those lesions m which the conoid and tra 
pezoid ligaments are intact The clavicular 
splint or the Stimson dressing should be 
kept applied and adjusted for a period of 
four weeks during which time as much 
active motion of the ihoulder as possible 
should be practiced At the end of that 
time the fixation can be dispensed with 
and graduallj increasing active use of the 
shoulder enforced 

Operative Treatment This is reserved 
for the complete dislocations The outer 
half of the clavicle is exposed b> a curved 
incision from the tip of the acromion to the 
junction of the outer and middle third of 
the clavicle The periosteum is inci'-ed and 
the superior and anterior parts of the bones 
are exposed The torn meniscus and an> 
ligamentous tabs mu«t be removed from the 
acromioclavicular articulation The cora 
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coid IS exposed from above and passageway 
beneath it is created subpenosteallj 
ITiree holes are drilled (I) Obliquelj 
through the acromion into the acromiocla 



Fig 706 Stimson dressing for incom 
plete acromioclavicular dislocation Arm 
A of adhesive strip proceeds over shoul 
der and lies on scapula m a position 
comparable to B Arm B proceeds over 
shoulder and doim back of arm in a 
position comparable to A Felt pads he 
between adhesive and olecranon and be 
tween adhesive and acromioclavicular 
joint Dislocation is held reduced b> up 
ward pressure on elbow and downward 
pressure on clavicle while dressing is 
applied A sling supports hand and 
wn«t 

vicular joint, (2) ohliquelj through the 
outer end of the clavicle into the joint, and 
(3) verticallv through the clavicle direcllj 
above the coracoid process 
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The clavicle is now lashed down into 
place with fascia lata with one or two strijjs 
holding (a) the clavicle to the acromion 
and (b) the clavicle to the coracoid Ten- 
sion on the fascial sutures may be relieved 
by temporary catgut sutures w'hich dupli- 



Fio 707. Repair of complete type of 
acromioclavicular dislocation by fascial 
bands replacing acromioclavicular and 
coracoclavicular ligaments A single con- 
tinuous band may be used (Bunnell) 
instead of separate bands. Fascia may 
be used for acromioclavicular ligaments 
and a portion of peroneus longus tendon 
for coracoclavicular ligaments. 

cate them The wound is dosed in layers. 
The arm is held in a sling for three weeks 
and activity may be resumed in from four 
to six weeks It is interesting to note that 
the fascia used to restore the coracoclavicu- 
lar ligaments almost invariably calcifies 
(Fig 707) 

[There are two other methods in use for 
the treatment of the complete dislocations: 

1. THE TRANSFIXION OF THE ACROMION 
PROCESS AND THE OUTER THIRD OF THE CLAV- 
ICLE BY TWO KIRSCHNER WISES DRILLED 
FROM THE FORMER THROUGH THE LATTER 
(fig. 708), followed by increasingly active 
motion, at first with sling support, later 
without any external support. The wires are 
removed in six to eight weeks They can be 
inserted directly through the skin under 


fluoroscopic control, or after direct exposure 
of the acromion and the clavicle The pro- 
cedure is simpler than the fascial suture, 
requires less exposure, and is very effective. 
The wires are turned up and cut short at 
the acromial edge, and the ends he buried 
beneath skin. The editor prefers this to 
fascial suture in fresh cases, but prefers to 
do it after direct exposure and removal of 
the meniscus to minimize the chance of sub- 
sequent arthritic pain in the joint 

2. SUBPERIOSTEAL EXCISION OF THE OUTER 
ONE TO ONE AND A HALF INCHES OF THE 

CLAVICLE (curd). This IS the method of 
choice of a number of men in the fresh 



Fic 708 Fixation of complete 
dislocation at acromioclavicular 
joint by two stiff Kirschner wires 
Note turned-up ends of wires to 
pTCTcnt migration, and torn acro- 
mioclavicular and coracoclavicular 
ligaments. Placing the wires re- 
quires care, rehearsal on the 
cadaver, and, if possible, fluoro- 
scopic control if done without 
open reduction Properly done it 
is an excellent method of fixation 
for fresh cases of complete disloca- 
tion. If conoid and trapezoid liga- 
ments are intact, it is questionable 
whether it is justified 

cases, and is probably the best procedure in 
old long-standing ones It is extremely sim- 
ple, precludes the possibility of late painful 
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arthritic symptoms and can be followed by 
active use as soon as wound healing is eatab 
Iished 

If incomplete or repaired complete dis 
lojitions are followed by late arthritic pain 
in the acromioclavicular joint subperiosteal 
clavncular re«ection as described above is 
felt to be the wisest procedure —Ed ] 

HUMERUS 

Fracture of Surgical Neck of Humerus 
These fractures in general can be classified 
into two types (1) Tho«e with gross dis 
placement and bttle or no contact of the 
fractured surface and (2) those with im 
pacted comminuted ends with bony contact 
although the head may be rotated or angu 
lated on the shaft 

1 Unn Gross DisPLACEiiEvr If the 
X ray shows that there is marked displace- 
ment of the fragments gentle manipulation 
under ether may be attempted after pro 
longed steady traction in abduction The 
distal fragment is usually displaced forward 
and often inward There is no fixed method 
for effecting reduction Sometimes traction 
in the opposite direction adduction will ac 
complish It Frequently both fail m which 
ca«e open operation should be done 

[Before resorting to operation in ihr^e 
ca«es a wire may be inserted through the 
olecranon and direct overhead skeletal trac 
tion (as described for supracondylar frac 
tures m Chapter 31) may be carried out for 
a period of 4S or 12 hours \ weight of eight 
to ten pounds should be u ed During this 
time the infiltration of soft parts surround 
mg the fracture site will matenallv dimmish 
as the result of gravity drainage and muscle 
<pasm will be relieved In this position al'K) 
the subscapulans and the pectoral are re 
laxed At the end of the 48 or 72 hour 
period pentothal or ether anesthesia can be 
administered as the patient lies in traction 
and reduction by gentle direct manipula 
tion can be attempted It will frequently 
succeed obviating the necessity for opera 
tion — Ed ] 


OPERATION The fracture is exposed by an 
incision runmng from, the tip of the 
acromion directly downward dividing the 
ddtoid in the direction of its fibers The 
proximal and distal fragments are exposed 
and cleared The distal fragment should 
then be brought to the proximal fragment 
and levered into place with a skid Internal 
fixation IS rarely nece sary The reduction 
IS usually maintained in the position of ab 



Fig 709 Sling and circular hand 
age or swathe Sweat pad should be 
placed m axilla 


duction and exfpmal rotation in a plaster 
splint or any <=o called airplane splint The 
splint may be removed and the arm brought 
down to the side after three weeks If a 
plaster splint is not well tolerated external 
rotation and abduction can be maintained 
with the patient in bed by adhesive plaster 
traction applied to the upper arm and bal 
anced suspension applied to the forearm 
with the elbow at a right angle (Fig 703) 
Active motion may be begun after four 
weeks Good anatomic and functional re 
cults Usually follow 

2 With Impactzd Comminuted Ends 
vvnn Bon-v Contact Reduction of such 
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a fracture is unnecessary. Simple fixation 
using a sling, swathe, and axillary sweat 
pads is all that is needed (Fig. 709). Active 
motion of the hand, wrist, and elbow may 
be begun when the patient is still in the 
sling. At the end of a week, or earlier, 
pendulum exercises of the shoulder may be 
started. These may be done with the patient 
leaning forward holding a two-pound weight 
and swinging it six or eight times to 15 or 


Fractures of Anatomic Neck of 
Humerus. By this is meant fractures above 
the tuberosities in which the head fragment 
has no, or practically no, soft-part attach- 
ments The tuberosities may be split off as 
separate fragments in some of these cases 
Where there is little or moderate separation 
of the head fragment, the case should be 
treated as a similar fracture of the surgical 
neck When, however, the head is com- 



FiG. 710. Pendulum exercises. Range practiced by weeks — 1, 2, and 3. In 
the second and third weeks swinging across front of body is also practiced. 


20°, several times a day The range and 
arc of the pendulum are increased daily, 
until, at the end of three weeks, 90° flexion 
has been obtained (Fig. 710). A sling is the 
only necessary dressing After a month no 
fixation is necessary, but the pendulum 
exercise should be continued until solid 
bony union is demonstrated by x-ray. In 
such cases, excellent anatomic results will 
be obtained in 75 per cent and good eco- 
nomical results in 85 per cent of the cases 
Because most of these cases occur in elderly 
patients, this type of treatment is strongly 
recommended. Prolonged fixation is un- 
necessary and early function gives best 
results. 


pletely or almost completely displaced from 
the shaft and tuberosities there is consider- 
able difference of opinion as to the best 
course to follow. Some men believe that 
reduction — closed if possible, open if neces- 
sary— should be done as advised for the 
surgical-neck cases, and followed by the 
same regime. Because of the paucity of soft- 
part attachments, however, late degenera- 
tive changes are apt to occur in the head 
even after union takes place, resulting in 
mushrooming of the head and a stiff and 
painful joint. The situation is comparable 
to that of the subcapital neck of the femur 
fractures of the coxa-vara type For this 
reason some men are inclined to resort to 
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open exposure m these cases as a first resort 
to remote the head and to place the upper 
end of the «ha{t in the glenoid In jounger 
people operative arthrodesis of the shoul 
der after removal of the head has been 
advased This ma> be considered rather 
radical as a primarj procedure 
At ani rate the prognosis m these cases 
should be verj guarded even though a <^1 
i5factoi> reduction is accomplished 
If open reduction is necessarj replace 
ment of a head devoid of soft part attach 
ments or practicallj so should be done 
only with a thorough realization of what 
maj ensue 

Fractures of Greater Tuberosity Frac 
tures of the greater tuberositj alone are 
uncommon Thej usuallv occur m patients 
in about the fifth decade The complaint is 
usually pain on the tip of the shoulder with 
tendeme's and soreness Sometimes several 
X ravs must be tahen before the legion can 
be shown Pendulum exerases and earl> 
active motion ma> be begun as «oon as the 
acute tenderness has subsided Tempofar> 
fixation until that time in the position of 
43® flexion 45® abduction and 45® rotation 
often Is the most comfortable Later a sling 
with a large axillan pad is u eful between 
periods of active motion 

[Occasional!) the greater tuberositv is 
pulled free from its periosteal attachments 
and Is drawn up and back under the acro 
mion b> the action of the supra and infra 
'ipmatUs MTien this occurs whidi is not 
often operative reduction and fixation are 
indicated —Ed ] 

Epiphyseal Separation This frequentlv 
occurs m patients between 12 and 17 >ears 
of age Usuallv it is a result of a fall upon 
the extended hand The diagnosis is often 
impo sible without x rav films as the svinp 
toms pre'cnted are the «:ame a tho«e of 
a fracture of the surgical neck Lsuallv it is 
accompanied bv a splinter fracture of the 
outer cortex 

Tre-atment If there is complete or al 
mo't complete displacement and if the 


mjurj IS less than 24 hours old an anes 
thetic ma> be given and an effort made with 
extreme gentleness to bring the "haft into 
the epipb>'^al cup If this is not ea ilj 
accomplished the attempt should be aban 
doned If the injurv is more than 24 hours 
old or if the above attempt has failed and 
complete displacement exists overhead 
traction b> a wire through the olecranon 
(as described for supracondvlar fractures 
in Chapter 31) ma> be in tituted Manipu 
lation in late cases is futile and dangerous 

If there is not great displacement no 
manipulation should be attempted and the 
humerus should be immobilized m a plaster 
shoulder cap for about one week Surgical 
operation in these cases is neither neces 
sar> nor desirable Experience has shown 
that even if there is a considerable degree 
of displacement a good result mav be ex 
pected if there has been no injur> to the 
epiphv«eal cartilaginous plate Manipula 
tion and open reduction are apt to produce 
damage to the plate if the trauma of the 
injur> has not done so 

SC\PVL\ 

Fractures Even though it is exposed 
above and behind fractures of the scapula 
are relativelv rare Fractures of the blade 
occasional!) occur but do not require treat 
ment apart from local ph)-sical therap) and 
the encouragement of active motion wath or 
without the Use of balanced suspension 
Fractures of the spine even with gro s dis 
placement give clinicallv satisfactorv re 
suits under the same routine Fractures of 
the coracoid are rare except when as ociated 
with other extensive fractures of the «houl 
der Fractures of the neck and of the 
glenoid usuall) duetoheaw objects fallin" 
upon the shoulder and various combina 
tions of fractures occur IJsuall) reduction 
of anv of these fractures is impo «ible and 
functional activitv is the ba'is of treatment 
Fractures of the glenoid ate b) far the most 
senous and are treated bv traction m ab 
duction with the patient m bed (Fig 703) 



834 


INJURY TO SHOULDER GIRDLE 
Occasionally, in depressed comminuted frac- it strikes the acromion, which is firm and 


tures of the neck, operative reduction is 
necessary to restore the anatomic position 
The end-results are usually satisfactory 
and the average length of disability is about 
three months. 

Dislocation of Shoulder. The shoulder 
Joint is well protected and strong above, in 



Fio 711. Mechanism of shoulder dis- 
location and associated injuries* (1) 
Shoulder at rest; (2) arm above head; 

(3) greater tuberosity of humerus im- 
pinges on acromion process; (4) Head 
leaves glenoid and (a) greater tuberos- 
ity may remain intact and spinati 
rauscka be put on the stretch, (b) 
tuberosity may be wedged off, (c) 
spinati may rupture- 

front, and in back. The muscles and tendons 
are powerful Below, however, the capsule 
is weak and ill-guarded The capsule is nec- 
essarily loose to allow the functional range 
necessary in the Joint. 

As the result of a fall the arm extends to 
parry and protect, and the whole weight of 
the body falls upon the arm while the mus- 
cles are in contraction. The humerus is 
brought into forced hyperextension and then 


nonyielding. As a result of this fulcrum 
action the lower portion of the capsule is 
torn and the head of the humerus forces 
itself through As the arm is returned to the 
side the head usually is displaced anteriorly, 
with the torn capsule firmly caught about 
the smgical neck. 

In addition, sometimes, the greater tuber- 
osity is torn off like a trap door. Sometimes 
the supraspinatus tendon may be ruptured. 
It is difficult for the author to understand 
how there can be a dislocation of the head 
without injury to the tendon of the supra- 
spinatus or without fracture of the greater 
tuberosity. Tendon injury must be sus- 
pected if the x-rays are negative for fracture 
(Fig. 711) 

Examination should check motor and 
sensory neurologic changes referable to the 
brachial plexus and the axillary nerve. 

In certain anterior dislocations the an- 
teroposterior x-rays give the appearance 
that the head is in the glenoid. In these 
cases careful physical examination shows 
the (rue position of the head and palpation 
of the shoulder reveals the true position of 
the head with the empty glenoid behind it 

Treatment Efforts at reduction should 
be instituted promptly. An anesthesia suffi- 
cient to produce complete muscular relaxa- 
tion is necessary. The arm is then brought 
into right-angle abduction, and straight 
gentle traction is applied until all the 
muscle resistance is overcome (A folded 
sheet about the body of the patient fur- 
nishes counter-traction). This may require 
from five to ten minutes. After this has been 
done, the head of the humerus may then be 
gently reduced through the rent in the 
capsule by direct pressure. In fresh dis- 
locations this can practically always be 
done and should be attempted in ancient 
cases even after two or three months. In 
these cases it may be necessary to use 
steady traction upon the arm for as much 
as 30 minutes. Following this prolonged 
traction the head can often be slipped back 
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into the joint through the capsular rent 
After the shoulder is reduced it should be 
kept m a slmg for o or three weeks then 
actue stooping e\erci‘?es should be msti 
tuted (Fig 710) 

The Kocher method has been extensivelj 
used in the past, but the author has not 
used it for se\eral jears It is his belief 
that the simple traction method accom 
plishes reduction with less trauma and less 
danger to the shaft of the humerus 

THE KOCHER METHOD With the arm at 
the side, the elbow flexed to 90®, and the 
forearm supinated, after the period of trac 
tion described above and with that traction 
maintained, the humerus is slonlj rotated 
outward to the limit attainable without 
the use of undue force '\Iaintainmg this 
outward rotation and the traction the elbow 
IS slowlj earned fomard and inward across 
the chest wall as far as it will go Steadil> 
maintaining the traction the humerus is 
thenslowl) rotated mward aiming the hand 
at the opposite shoulder The reduction will 
occur during the inward rotation, and the 
abiUt> to place the hand on the opposite 
shoulder without the use of undue force is 
practical proof of the reduction At no time 
should undue itolence be used to force a 
manetner, and at no time should one of 
these steps be performed suddenly A 
Kocher procedure *0 performed can do no 
damage 

In the late ca<!es, or in the ver> excep 
Uonal early case where all lh€«e measures 
fail, o\ erhead traction by a pm through the 
olecranon for 24 or 48 hours ('ee Supra 
condjlar Fractures in Chapter 31), followed 
by direct manipulation in traction under 
ether or pentothal anesthesia may succeed 
Only after the'e conservative attempts fail 
should open reduction be reported to —Ed J 

Dr E A Codman believes that after 
reduction the patient should be allowed to 
come out of the anesthetic and then urged 
to move the arm freelv before bandaging 
He says 


All motions may be 'afely performed except 
abduction m external rotation and even this 
may be done with due care and u«ing exten 
sion at the «ame time If we find paralysis of 
any of the muscle areas undue axillary swell 
ing, gritting sensation in the joint or a tend 
ency of the joint to slip out of place the 
patient should be at once hospitalized and 
consultation obtained 

Complications Often associated with 
dislocation there is a fracture of the greater 
tuberosity As the head of the humerus is 
forced out of the glenoid, the shaft of the 
humerus impinges upon the acromion and 
the greater tuberosity is tom from its bed 
I have often suspected that by the same 
procedure the supraspinatus tendon may 
be tom instead of its bony attachment 
This tendon is short and strong and surely 
must be stretched or tom during the rela 
tively loDg journey that the head makes 
during dislocation If there is no fracture 
tear of the supraspinatus tendon requiring 
operative repair must be kept m mmd, and 
excluded as function is regained 

There may also be fracture and avulsion 
of the lesser tuberosity with the attached 
subscapulans tendon If the separation is 
marked, operative replacement should be 
considered with fixation by wiring This is 
not a common complication and when it 
does occur the separation is usually minimal 
Imder these circumstances the complicating 
lesion IS merely an indication for the neces 
sity of early mobilization to prevent con 
Iracture and shortening of the sub«capulans 
with consequent limitation of abduction 
and external rotation 

Fracture of the surgical neck associated 
with dislocation rarely occurs This presents 
a serious problem to the surgeon Reduction 
should not be delayed After prolonged 
gentle traction in abduction an effort 
should be made to replace the head by 
manipulation and replacement with the fin 
gers Great power or force is neither neces 
<iary nor wise Failing all of these, surgical 
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operation should be done, the fracture-dis- 
location exposed, and reduction accom- 
plished. After reduction, the treatment is 
the same as that for a fracture of the surgi- 
cal neck Only in fractures of the anatomic 
neck is it necessary to remove the head of 
the humerus When this is done the 
smoothed-off end of the shaft is placed in 
the glenoid, and active function is started 
early. 

The initial examination of every dislo- 
cated shoulder should call for examination 
to determine the possibility of damage to 
the axillary nerve In the acutely trauma- 
tized shoulder, tests of deltoid function 
are valueless because of pain limitations 
The sensory distribution of the axillary 
nerve to the skin over the deltoid is, how- 
ever, an excellent criterion. Marked hyp- 
esthesia or complete anesthesia in this 
region indicates relatively severe damage 
to the axillary nerve. Actual rupture of the 
nerve practically never occurs, but severe 
contusion and stretching lead to the sensory 
changes plus deltoid weakness. 

When such sensory findings are present 
at the time of the original examination or 
following reduction, the postreduction ther- 
apy should employ bed rest, with suspension 
of the arm in about 50 to 60® of abduction 
(Fig. 703), plus local physical therapy and 
active motion up to, but not beyond, 80® 
of abduction and 60° of forward elevation 
If complete anesthesia and complete deltoid 
paralysis are present, which is unusual, 
muscle stimulation by the sinusoidal cur- 
rent or by the use of a Smart or Bristow 
coil may be substituted for the actual 
motion. 

An alternative to the bed-rest therapy 
with active motion is the use of an airplane 
type of splint in about 60 to 70® of abduc- 
tion with active attempts at contraction of 
the deltoid in the splint until the skin sen- 
sation has returned, indicating nerve re- 
covery. The purposes of both the bed-rest 
treatment and the abduction-splint treat- 


ment are to keep the weakened or paralyzed 
deltoid from being kept under tension and 
Stretched while it is weak or paralyzed 

The recognition of severe aJJiHary-nerve 
injury, with adequate attention (as de- 
scribed above) given to it, will materially 
diminish the convalescence time in these 
cases When the hypesthesia is questionable 
or mild the measures described above are 
not necessary. 

After-treatment. A simple sling to keep 
the arm at the side is the only necessary 
treatment. Pendulum exercises should be 
begun immediately and carried out with 
increasing range of motion until full flexion 
and extension have been accomplished. 
Specific efforts to obtain abduction of the 
arm are not necessary 1/ there has been 
fracture to the greater tuberosity, ability 
to abduct the arm may be delayed and ful! 
motion may not be obtained for a long 
time If there is no fracture of the greater 
tuberosity, tearing of the supraspinatus 
tendon must be considered as stated above 

Old Dislocations. Occasional cases pre- 
sent themselves that have remained unre- 
duced for months. There are several pro- 
cedures to follow ; 

1. Try to reduce it by one of the closed 
methods under anesthesia This, if carefully 
done, is often successful 

2. Excise the head of the humerus This 
usually gives a painless but not particu- 
larly useful joint. 

3 Do nothing if there are no nerve in- 
juries and the patient has a painless joint 
This is frequently advisable 

After all of these procedures, the muscles 
of the shoulder girdle must be exercised 
daily. 

4. Open Reduction In the old unre- 
duced dislocation this is a difficult and 
arduous procedure, and since the humeral 
head and upper shaft are atrophic and soft, 
manipulation and handling of the bone must 
be carried out with caution. The vessels 
and nerves may also be enveloped and dis- 
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torted b> «car tissue and adhesions and 
must be identified in order to guard against 
injurj to them 

The fresh ca'^e, uncomplicated by frac 
ture which requires open reduction is \ery 
rare, indeed, and the procedure is, of course, 
\erj much simpler than in the old and 
neglected case In these older cases re 
duction should be done onl> if the head and 
glenoid, on inspection are m good condi 
tion, and if the head can be reduced without 
too complete stripping of the soft parts to 
the upper humerus WTien the latter pro 
cedure is necessarj in order to accomplish 
reduction, degenerati\e changes such as 
follow anatomic neck fractures are common 
after operation resulting m pam and stiff 
ness m the joint Resection of the head or 
arthrodesis of the joint m the position 
leading to the mo't satisfactorj function is 
to be preferred in these cases This is also 
true if the head and glenoid show marked 
degenerative change when expo«ed even 
though no undue stripping has been neces 
sary 

Technic in Fresh Cases high Havx 
Resisted Conservativx Measures ^de 
quate exposure is obtained by an inasion 
running along the outer third of the clavn 
cle at its inferior border to the anterior 
outer edge of the acromion and then di 
rectlj downward over the deltoid for about 
three inches The interval between the del 
toid and the pectorahs major is defined 
the median cephalic vein being ligated 
high and low and excised between the liga 
tures The deltoid is sectioned close to the 
clav icle from its anterior edge, and from the 
front and outer edges of the acromion and 
the deltoid is reflected downward and out 
ward to expo e the coracoid region and the 
whole anterior a pect of the shoulder It is 
preferable in the opinion of some to reflect 
the deltoid attachment together with the 
anterior periosteum instead of sexenng 
the muscle do e to its attachment, on the 
grounds that it leads to greater ease and 
security in reattachment at the do e of the 
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operation (Fig 712) The vessels and nerves 
to the deltoid accompanv the reflected mus 
cle and are subjected to a minimal risk of 
damage The exposure obtained is excellent 

After identification of the various struc 
tures the capsule is opened longitudinallv 
and the head is reduced by external rota 
tion and adduction of the upper arm aided 
by direct pressure on the head with the aid 
if necessary , of the shoehorn action of a 
large curved elevator or skid Any rent in 
the anterior inferior portion of the capsule 
is repaired by overlap The musculotendi 
nous cuff inserting into the greater tuber 
osity IS carefully inspected for tears in any 
of Its components and if found these are 
repaired [See Qiapter 42 for technic of 
repair —Ed ] 

Avulsion of the greater or lesser tuber 
osily IS repaired by pegging nailing or 
wiring in the proper position The stripping 
of the capsule from the anterior and inferior 
aspects of the scapular neck with avulsion 
of the glenoid ligament (described by 
Bankart) one of the causes of habitual 
dislocation is looked for and if found is 
repaired by attaching the stripped capsule 
to the bone by sutures passing through drill 
holes close to the glenoid rim The biceps 
tendon is inspected and if avulsed from its 
groo e IS replaced and covered by a re 
fleeted flap of periosteum acting as a new 
roof for the groove The longitudinal ina 
Sion in the capsule is closed and the deltoid 
reattached 

The after treatment is that of a fresh dis 
location reduced b\ conservative measures 

Techmc in Old Unreduced Disloca 
TION The approach is the same as that 
described in the fresh case By careful blunt 
and sharp dissection the capsule of the 
joint the coracohumeral ligament, and the 
head covered by dense fibrous tissue are 
defined The capsule of the joint is inched 
longitudinally in line with the anterior outer 
edge of the acromion Through the opening 
in the capsule anv fibrous ti* ue filling the 
glenoid remov ed The coracohumeral Iiga 
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ment is sectioned at its coracoid end. If 
inspection of the head and glenoid shows 
marked degenerative change reduction is 
not carried out, but resection of the head, 
placing the smoothed-off end of shaft in the 


force If moderate force will not accomplish 
this without such extensive stripping as to 
endanger the blood supply to the head and 
neck, the humerus can be rolled out and the 
subscapularis tendon sectioned, and then, if 
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Fig, 712. Incision for exposure of shoulder. [See also 
repair of supraspinatus tears in Chapter 42 ] (A) Supra- 
spinatus portion of cuff. (B) Subscapularis portion (C) 
Infraspinatus portion. (D) Biceps tendon sheathed in its 
groove. (E) Cut edge of deltoid attachment to (F) acro- 
mion process and (G) clavicle. (H) Acromioclavicular 
joint (I) Coracoid process with coraco-acromial ligament 
and (below) attachments of short head of biceps, pectoralis 
minor, and coracobrachialis. (J) Cut and ligated ends of 
median cephalic vdn, (K) Direction ol retraction of pec- 
toralis major. (L) Direction of retraction of cut deltoid. 
Subdeltoid bursa area is indicated by light area over- 
lying supraspinatus. Extension can be secured in direction 
of dotted line below, or by further backward section of 
deltoid or by section of outer part of pectoralis major at- 
tachment to clavicle and of coraco-acromial ligament. 


glenoid, or arthrodesis [see Chapters 7, 14, 
and 15] is carried out. 

If the humeral head and the glenoid are 
in good condition, the head and neck are 
freed from capsular and scar-tissue adhe- 
sions and attachments far enough down to 
allow placing the head in the glenoid by 
the use of carefully applied and moderate 


necessary, rolled in for section of the pec- 
toralis major tendon If section of these 
tendons with moderate stripping of cap- 
sular attachments will not allow of reduc- 
tion with very moderate force, resection of 
the head with or without arthrodesis of the 
shaft to the glenoid is preferable to dan- 
gerously extensive stripping. 
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Follo^Mng reduction it is rarely possible 
even m abduction to close the capsule A 
isicola procedure (see below under Recur 
rent Bislocation) maj be done to insure 
retention of reduction Postoperativeiy im 



Fig 713 Cubbins operation Coraco 
humeral ligament is first <lis«ected free 
and detached from coracoid It is uti 
Iized as a stabilizing checkrem through 
acromion after reduction has been ac 
compli«hed through a wide transverse 
incision in capsule through which all 
capsular structures are str pped from 
humerus as far down as possible Closure 
of capsular opening is then accomplished 
as far as possible as shown (A) Re 
fleeted deltoid (B) capsular inasion 
(C) coracohumeral 1 gament through 
acromion 

mobilization m a position midway between 
abduction and forward flexion and m about 
4s® of each with the upper arm rotated to 
4s° should be maintained b) anj suitable 
«plmt for three to four weeks to be followed 
successivelj b> pendulum exerci es and 
aided and resisted active exercise against 
gravntv 

Cubbins has modified this procedure b> 
passing the coracohumeral ligament dis 
sected free from its coraco d end up to its 
humeral attachment through a drill hole in 
the acromion process from below upward 


and suturing it to the superior surface of 
this bone to create a suspensory stabilizing 
ligament the superior half of the capsular 
opemng (corresponding to the musculo 
tendinous cuff) being sutured to the greater 
tubero3it> via drill holes through the bone 
(Fig 713) 

Unless the head and the glenoid are in 
good condition and unless reduction can be 
accomplished with quite moderate stripping 
and little or no violence the open reduction 
of the late case carries a rather di'^couraging 
prognosis Considerable stiffness and pain 
are commonly the residua after operation 



Fig 714 Checkrem to prevent dis 
location It can be worn beneath coat or 
sh rt Length of chain can be altered to 
allow degree of abduction safe for the 
individual case 

Re ection of as much of the head as neces 
sarj with arthrodesis in satisfactoiy posi 
tion IS if feasible a much more satisfactorv 
procedure from the standpoint of a painless 
and reasonable range of u eful motion In 
the relativelv recent ca«e the attempt at 
open reduction with an added Nicola or 
the Cubbins modification utilizing the 
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coraco-acromial ligament and reattaching 
the musculotendinous cuff, may be well 
worth while. 

When brachial-plexus symptoms are pres- 
ent in these cases it is distinctly worth 
while to define the nerves clearly by meticu- 
lous sharp dissection, and, if their continuity 
is not severed, to inject normal saline into 


Recurrent Dislocation of Shoulder 
Joint This is a common lesion. Prolongerl 
immobilization does not cure after the tend- 
ency to dislocation becomes fixed Disloca- 
tion can be prevented by the wearing of a 
restraining check-rein which prevents ab 
duction or forward elevation beyond 80° 
(Fig. 714). Some method of radical cure 



Fig 715 Nicola operation for habitual dislocation of shoulder. 


the nerve through a fine-gauge needle intro- 
duced within the sheath If the nerve or 
cord distends reasonably freely, the prog- 
nosis for recovery (in part at least) may be 
good, and the neurolysis accomplished by 
hydraulic distention within the nerve sheath 
is not accompanied by bleeding with the 
threat of subsequent fibrosis. This has been 
found of definite benefit in a number of 
cases, and dramatic in its effectiveness in 
a few. 


should be attempted, however, if the dis- 
locations become frequent and occur easily 
Many approaches to the cure of this con- 
dition have been used Reefing of the cap- 
sule anteriorly or inferiorly— in the latter 
instance through an axillary incision with 
the shoulder abducted (T. Turner Thomas) 
—has been generally discarded because of a 
high rate of recurrence. The providing of a 
muscular sling under the head and neck by 
advancement of the subscapularis or by 
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utilizing a clip of deltoid (Clermont opera 
tion) has suffered a similar fate Bone block 
operations ha\e been and are being u«;ed 
Suspension of the humeral head b> means 
of the biceps tendon (Nicola) or bj fasaa 
or tendon suture from the greater tuber 
osit\ to the acromion (Hender«on) are al o 
in use as u,ell a* the Bankart procedure 
Nicolas Oper.\tion The operation per 
formed b\ Nicola (Fig 715) seems the 
simple t and most successful The head of 
the humerus is exposed through a two and 
a half or three-inch incision beginning at 
the posterior tip of the acromion and split 
ting the deltoid fibers a\Qiding the arcum 
flex ner\e in the loner end of the wound 
The subacromial bursa is opened Under the 
floor of the bursa the upper part of the shaft 
of the humerus and the jomt capsule can be 
seen The long tendon of the biceps is easil> 
identified and is freed from the biapital 
groo\e The shoulder joint capsule is opened 
in the line of the bicipital groo\e and the 
entire tendon of the long head of the biceps 
Is visualized The tendon is cut at the lower 
end of the bicipital groo\e after traction 
sutures ha\e been placed proximal and 
distal to the point of section If this is not 
done the distal portion of the tendon ma> 
retract down the arm This gi\ es a proximal 
section o! tendon about three and a half 
inches long attached to the glenoid 

A tunnel is made with a quarter inch 
hand gouge beginning at the lower end of 
the biapital groo\e and pa sing beneath it 
to emerge on the articular surface of the 
humerus about 30® inside the \ertical plane 
well on to articular surface The inasion in 
the roof of the capsule is extended so that 
the inner end of this tunnel can be expo ed 
This IS faalitated b> pulling the joint out 
ward and letting air into the joint The 
proximal end of the biceps tendon is then 
pulled through the tunnel from abo\e bj 
the silk traction suture until it emerges at 
the lower end of the bicipital groove \t 
this point the two ends of the tendon are 



Fig 716 Plaster-of pans shoulder 
splint be t made a few davs before 
operation and applied immediatel} after 
operation Po ition is one of 45® flexion, 
43 ® abduction and 43° external rota 
tion If a post Is incorporated between 
chest portion and wn,t portion upper 
half of arm ca ing ma> be lifted and 
arm removed for carrying out pendulum 
exerci-es 
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firmly sutured with silk. The capsule is has proved to be very successful and gives 
closed, and the muscles, fascia, and skin are permanent relief in a high percentage of 
closed with silk sutures. cases. The arm must be kept immobile for 

It is often more comfortable for the pa- about a month and then pendulum exercises 




Fig. 717, Bankart operation for habitual dislocation of 
shoulder (1) (A) indicates deltoid reflection or retraction; 

(B) indicates pectoraJis major retraction, (C) is supra* 
spinatus, (D) is subscapularis with dotted line to indicate 
section, (E) is coracoid with attachments of pectoralis 
minor, coracobrachialis, short head of biceps, and coraco- 
acromial ligament. Coracoid is sectioned as indicated, and 
retracted downward, subscapularis is retracted inward. (F) 
is biceps tendon. (2) Coracoid and subscapularis retracted, 
transverse incision through capsule a short distance from 
glenoid edge, inner portion including tom or avulsed glenoid 
ligament. (3) Anterior edge of glenoid shaved off to can- 
cellous raw bone, sutures placed through inner flap of 
capsule and drill holes in bone to pass through outer flap 
of capsule as indicated (4) Completed overlap suture of 
capsule. Coracoid and its attachments are then replaced 
during closure. 

tient if the arm is put in a light plaster-of- and active use of the shoulder may be 
paris splint with the arm held at 45® flexion begun. 

and 45° abduction. Such a splint, if prc- In addition to suturing the two ends of 
pared before, can easily be slipped on fol- the tendon together it is wise to roughen 
lowing operation (Fig. 716). This procedure the under-surface of the tendon and the sur- 
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face of the bicipital groo%e and to attach 
both sections of the tendon to the sides of 
the groo\ e by suture to the remains of the 
fa‘«cial roof or through drill holes through 
the sides of the groove 

\\ith increasing interest in and observa 
tions on -shoulder joint pathology it is being 
realized that the etiologic factors resulting 
m habitual dislocation are \’aried For that 
reason full and adequate exploration of the 
joint in e\ ery case is being more and more 
fa\ored An inasion which will allow full 
visualization is therefore adv ocated This is 
either the one described previou'jH m this 
chapter for open reduction of the unreduced 
didocation or the masion described for 
repair of musculotendinous cuff tears in 
Chapter 42 

In «ome of the ca«es extensive tears of 
the musculotendinous cuff with retraction 
will be found and their adequate repair 
(«ee Chapter 42) will result in a restoration 
of superior support for the humeral head 
and a cure of the habitual dislocation In 
others the stripping up of the capsule from 
the anterior and mfenor aspect of the 
scapular neck and avulsion of the glenoid 
ligament described b\ Bankart i» found 
This Is often associated with a beveling off 
of the anterior inferior margin of the 
glenoid fo««a A Bankart repair is all (hat 
IS needed m tho e ca es where these are the 
findings 

Bv\k.ABTS Operation The coracoid 
process Is sectioned from above downward 
b\ an Osteotome about 1 a to 2 cm from its 
tip and retracted downward with its attach 
ments (coracobrachialis pectoralis minor 
and «hort head of biceps) The shoulder is 
outwardK rotated and the «iuh capularis is 
sectioned clo-ie to Us in ertion exposing the 
underUang anterior joint capsule and gle 
noid The capsule is ina«ed transversely 
clo«e to the glenoid margin antenorlj and 
the portion remaining attached to the 
'capula if not alreadv stripped up is 
'tripped from the front of the «capular neck 
adjacent to the glenoid and a thin layer of 


the anterior bone surface including the edge 
of the glenoid is removed If the anterior 
edge of the glenoid has seemed beveled off 
a thm osteotome can be driven into the 
bone from before backward for a distance 
of 1 cm or more from the edge of the 
glenoid and the anterior edge of the glenoid 
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Fic 718 Hender'on operation Sta 
bilizatioQ is accomplished by establish 
mg a cbeckrem joining greater tuberos 
itv and acromion Fascia m the form of 
a rolled strip or a portion of peroneus 
longus tendon is u«ed -Approach may be 
by deltoid reflection or by a curved m 
Cl ion from m front of greater tuberos 
ity up over tip of acromion and down 
behind greater tuberositv splitting del 
to d in front and beh nd A cannulated 
drill over a K.ir'chner wire is u ed to 
make fore and aft hole through aero 
mion \ metal cannula «erves to facili 
tate pa, age of a 'ection of peroneus 
longus tendon or a rolled fascial strip 
through drill holes 

can be wedged forward and outward to a 
normal lev el 

Four drill holes are then made from the 
edge of the denuded glenoid margin to 
emerge on the edge of the articular surface 
adjacent to it Through these drill holes by 
mattre's sutures the distal edge of the inci 
'ion in the capsule is anchored down to the 
denuded anterior edge of the glenoid {Fig 
717) The detached coracoid with Us at 
tached muscles is sutured to its base but 
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projecting directly downward, thus lower- 
ing the level of the muscular attachments 
and the downward extent of the coracoid, 
which together constitute a muscle-tendon 
and bony buttress in front of the joint. 
A sling and swathe is used for about four 
weeks, after which active motion is pro- 
gressively re-established. 

Henderson’s Suspension Operation 
This operation provides a suspension check 
ligament of fascia or of tendon (a longi- 
tudinal half of the peroneus longus is com- 
monly used), which passes through trans- 
verse drill holes in the greater tuberosity 
and in the acromion process (Fig. 718). 
Postoperative immobilization by sling and 
swathe is used for ten days, followed by 
progressive active mobilization aided by 
physical therapy. Excellent results with a 
low rate of recurrence are reported. 

Kellogg Speed’s Peg or Shelf Opera- 
tion. This aims at establishing an anterior 
bone block to prevent dislocation. The inci- 
sion extends from the coracoid process just 
below the clavicle directly downward for 
four inches. The pectoralis major is sec- 
tioned close to its insertion into the outer 
lip of the bicipital groove. The axillary 
contents are retracted upward, exposing the 
anterior face of the glenoid and the attached 
capsule. Just outside the edge of the cap- 
sular attachment a half-inch-wide heavy 
osteotome is directed obliquely backward 
and mesially, and is driven into the scapular 
neck for a distance of one inch A tibia! 
cortical graft a half inch wide and one and 
three-quarter inches long is driven tightly 
into the cleft made by the osteotome. This 
leaves three-quarters of an inch of graft 
projecting obliquely forward in front of the 
joint to provide a bony buttress to prevent 
dislocation. The pectoralis is then repaired. 
Sling immobilization is used until bony 
union of the graft has taken place.— Ed.J 

Injuries to Muscles and Tendons. 
There are certain tendons in and about the 
shoulder joint that are particularly suscep- 


tible to injury and deserve mention at this 

time. 

Rupture of Supraspinatus Tendon. 
Ninety per cent of the ruptures of the 
supraspinatus occur in men, who are, for 
the most part, heavy laborers and almost 
always over 45 years of age. They give a 
history of an injury due to a fall or to heavy 
lifting, sometimes with a slip or a sudden 
jerk. There is no history of a previous 
injury or of a previously painful shoulder. 
Let us here quote Doctor Codman’s criteria • 

Certain conditions, symptoms, and signs 
which indicate complete rupture of the supra- 
spinatus tendon and which should be present 
within 24 hours after the accident. 

1. Occupation — laborer. 

2. Age — over 40. 

3. No symptoms in shoulder prior to ac- 
cident. 

4. Adequate injury — usually a fall 

5. Immediate sharp, brief pain 

6 Severe pain on following night 

7. Loss of power in elevation of arm. 

8. Negative x-ray. 

9. Little, if any, restriction when stoop- 
ing. 

10 Faulty scapulohumeral rhythm 

11. A tender point, 

12. a sulcus, and 

13. an eminence 

14. at the insertion of the supraspinatus, 

15 which cause a jog, 

16 a wince and 

17. soft crepitus as the tuberosity 

18. disappears under the acromion when 
the arm is elevated, and usually also, as 
it reappears during descent of the arm 

Usually the patients do not present them- 
selves until long after the injury, and it is 
not until then that diagnosis can be made 
Unfortunately, the difficulty of repair in- 
creases with the length of time following 
injury. 

Physical Examination. The patient 
must be stripped to the waist. Inspection of 
the shoulders comparing one with the other 
will show presence of atrophy. In rupture 
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of the supraspmatus, atrophj of the «pmati 
IS a constant sign 

^^ith the hands hanging loo'jelj at the 
side, the patient is asked to bend forward, 
letting the arms hang There is little or no 
muscular power u'^ed in this maneu\er, and 
the patient can usually do it without pain 
As he bends forward the humerus falls into 
complete flexion until it is in a straight hne 
with the spine of the scapula As the patient 
assumes an erect position the arm falls 
freelj to the side This procedure rules out 
adhesions within the bursa or shoulder joint 

The patient then faces away from the 
examiner He is instructed to slonly raise 
both arms awa> from the bodj with the 
elbow stiff If the arm can go the entire arc 
of normal shoulder motion without a hitch 
there can be no serious injury to the ten 
dons If, howe\er, on tr>ing to abduct the 
arm the patient raises the scapula first and 
then the humerus locks as it comes under 
the acromion, the 'capular humeral rh>thm 
IS disturbed The arms are then brought 
high o\er the head by fle-cion with the help 
of the examiner and then the patient is 
asked to lower the arms He keeps the 
scapula and humerus fixed until he am\es 
at the right angle position, and then the 
arms drop quicUj to the side, usually with 
pain 

The two above procedures are of great 
value in the diagnosis of supra'pinatus 
tendon tear 

Further physical examination may be as 
follows 

PALPATION The examiner stands behind 
the patient and grasps the elbow of the 
affected ‘^ide The humerus is then brought 
back into complete extension from behind 
The index finger is placed just outside the 
tip of the acromion and pre^'ed downward 
while the arm is moved a bit forward This 
point of pre'^sure corresponds to the in^er 
tion of the supraspinatus tendon Usually 
even in rather ancient cases this point is 
extremely tender It represents the gap be 
tween the ruptured tendon and the greater 


tuberosity As the arm is brought forward 
the finger falls into and then out of a sulcus 
at this point, causing a jog, a wince, and 
soft crepitus as the tuberosity disappears 
under the acromion during elevation of the 
arm, and usually it reappears during de 
scent of the arm (Fig 719) 

The great majority of these symptoms 
are present immediately following injury, 
but cannot be promptly interpreted until 
several days thereafter I have never been 
able to make the diagno^^is within ten day s 
At that time at operation it is found that 


Fig 719 Examination for rupture of 
musculotendinous cuff of shoulder It is 
necessary to press hard with mdex 
finger 

there is a hemorrhage into the tendon and 
the repair is accomplished with coxisider 
able ea«e 

Usually the pam following the injury is 
quite severe, but it quiets down after a few 
days and then is bad only at night, and 
the patient tosses about in fitful sleep 
In incomplete rupture the history and the 
physical examination are much the same 
There is lack of humero«capular rhythm, 
inability to raise the arm, lack of restnc 
lion to motion on stooping, and a tender 
sensitive point This constitutes a painful, 
senous, and disabling injury 

Untreated ca«es with partial rupture 
often deposit calaum in the tendon as a 
part of an effort to repair 
Treatment The treatment of rupture of 
the supraspinatus muscle is surgical repair 
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The lesion is so disabling and so incapaci- 
tating that exploration is Justified even 
when the lesion Is only suspected. If the 
tendon is not ruptured, the exploration is 
only into the subacromion bursa and is dis- 
tinctly a minor procedure. [For further 
discussion of this lesion and its repair see 
Chapter 42.— Ed.) 

Rupture of Biceps Tendon. The cause 
of rupture of the long head of the biceps 
is a sudden muscle contraction almost al- 
ways due to indirect force. Usually the 
rupture is high up at or above the upper 
musculotendinous junction. 



Fig. 720. Operation for repair of long 
head of biceps (Cotton) Torn tendon is 
anchored about insertion of deltoid 
muscle. 

Diagnosis. Inspection of the arm in ab- 
duction, elbow in flexion. A sulcus is pal- 
pated between the insertion of the deltoid 
and the biceps. This and the tumor of the 
biceps are increased by efforts to flex the 
forearm against resistance. 

Treatment. The author has often seen 
elderly workmen doing their full duties 
with a complete rupture of the long head of 
the biceps with a characteristic deformity 
of the biceps muscle. The injury had gone 
unrecognized for years. The author believes 
surgical repair is the best treatment. 

Cotton’s Operation (Fig. 720). Cotton’s 
operation can be done under local anes- 
thesia. The ruptured tendon of the long 
head of the biceps is found and is anchored 
by suturing it about the insertion of the 


deltoid muscle. This tenses the muscle up- 
ward and outward, and gives it a firm 
anchor. The after-treatment is simple an i 
the patient is able within a month to return 
to his normal work. 

GttcREEST’s Operation. In this operation 
the ruptured long head is sutured to the 
coracoid process along with the short head, 
or is inserted into the short head as high 
as possible. The after-treatment of these 
would be the same as Cotton’s operation. 
To the author, Cotton’s operation seems 
simpler and the results are satisfactory. 
(See Chapter 42 for further discussion of 
this lesion.— Ed,] 

Injuries to Brachial Plexus. 

Causes: 

1. Blows or falls upon shoulder. 

2 . Prolonged traction accompanying 
dislocations or reduction of disloca- 
tion. Birth paralysis. 

$. Pressure: 

a. Crutch paralysis or tourniquet 
paralysis. 

b. Unreduced dislocation of shoul- 
der. 

4. Direct injuries: 

a. Cuts or wounds. 

b. Fractures or dislocations causing 
direct injuries. 

There are other injuries due to pressure 
which are not uncommon All of them soon 
get well when the pressure is removed. 

In the more severe types, as when there 
is actual lysis of the plexus from a missile, 
a cut, a violent blow which depresses the 
shoulder, or a gunshot or stab wound, im- 
mediate operation is advisable and neces- 
sary, but it should not be undertaken except 
by one trained in this type of surgery and 
with a full and thorough knowledge of 
the anatomy (Fig. 721). Often parts of the 
neurovascular bundles are injured and the 
surgeon must be equipped to repair the 
artery or vein as well as the cords of 
the brachial plexus. It is in the cases where 
there is evidence of pressure about the 
brachial plexus that care in expert hands 
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Fic 722 Position of patient for shoulder operatjona Tor«o must be so 
turned that the point of the affected shoulder t. uppermost Head and face 
are turned away from field as far as possible Entire arm and chest must 
be prepared, and «hole arm co\errt that it can be easily manipulated 
It Is useful also to thread arm through opening m a laparotom> sheet 
It is assistant’s duty to manipulate extremity to facilitate good exposure. 
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may greatly shorten the convalescence. Any 
form of treatment should include relief of 
tension upon the plexus and should put the 
muscles of the shoulder at rest. This means 
recumbency in bed with the arm in abduc- 
tion and external rotation. 

Operative Approach to Shoulder. Op- 
eration upon the shoulder requires a rather 
special technic. 

1. Akesthesia. 

a. LOCAE. Applicable to simple incision 

of subacromial bursa. 

b. GENERAL. 

1. Necessary for repair of supra- 
spinatus tendon. 

2. Repair of long head of biceps. 

3. Open reduction of surgical neck 
of humerus. 

4. Tendon transplant for recurrent 
dislocation of shoulder. (Nicola 
operation.) 

2 . Position (Fig. 722), 

The patient is placed on his back on the 
table. A large sandbag is placed under the 
shoulder blade so that the body is tilted 
about 45” ; another sandbag is placed under 
the corresponding hip. The head is turned 
toward the opposite shoulder. The entire 
shoulder and upper arm are prepared and 
the forearm and hand ate covered with a 
sterile pillowcase The arm is then drawn 
through the hole in a laparotomy sheet 
Two assistants and a nurse comprise the 
necessary team. 

Incision From the anterior tip of the 
acromion, following the fibers of the del- 
toid in the general direction of the bicipital 
groove, a one-and-a-half- to two-inch inci- 
sion is adequate for inspection. With narrow 
retractors in the wound and utilizing trac- 
tion and rotary motions of the arm, it is 
possible to expose the supraspinatus ten- 
don, long head of the biceps, and the infra- 
spinatus tendon If greater exposure is 
needed the acromion may be cut with a 
chisel in the sagittal plane and the tip re- 
tracted outward 


It has been the author’s experience that 
the second assistant who manipulates the 
arm is quite the most important person in 
the operation. 

Recently the author has had specially 
made Gallie needles about a half inch long, 
full curve. With these needles it is possible 
to work between the head of the humerus 
and the acromion and set the necessary su- 
tures for repair of tears of the roof of the 
shoulder joint. (See Chapter 42.— Ed. J 

Closure of Wound. The j'oint capsule is 
closed %vith silk, the subcutaneous tissues 
similarly, and the skin with cutaneous 
sutures. 

Postoperative Treatment. Recently the 
author has prepared a plaster-of-paris splint 
before operation which holds the arm in 45* 
flexion, 45” abduction, and 45* external ro- 
tation; that is, the position of salute. Imme- 
diately following the operation, this plaster 
shell is applied and bandaged in position 
with cotton elastic bandages. After the skin 
sutures are removed, stooping exercises can 
be carried out with the plaster splint in 
place. After about three weeks the splint is 
removed and stooping exercises are encour- 
aged. These exercises are followed by pro- 
gressive active exercise (Fig. 716). 
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Fractures of Humerus 

John A. Caldwell, M.D. 

GENERAL DISCUSSION Palpation may disclose point tenderness, 


For purposes of discussion the humerus 
will be considered as divided into (1) upper 
end, (2) shaft, and (3) lower end. In con- 
sidering the first of these divisions, reference 
will be made to the head, the anatomic 
aeck, the surgical nech, the greater tuber- 
osity, and, in children, the upper epiphysis. 
In the discussion of the shaft lesions, the 
division null be into fractures of (he upper, 
middle, and lower thirds. Fractures of the 
lower end of the humerus are also con- 
sidered in Chapter 31 on Fractures and Dis- 
locations Involving Elbow Joint. (See 
Chapter 31.) 

UPPER END OF HUMERUS 
(See also Chapter 29) 

Any fracture about the upper end of the 
humerus implies trauma about or trans- 
mitted to the sboujder joint. Careful dil- 
ferentiation of the various possibilities is 
very important. 

For a proper examination the patient 
should sit erect with both shoulders exposed. 
Particularly to be noted are swelling or 
atrophy of the soft tissues over the shoulder 
and the presence of abnormal prominences 
or absence of normal prominences. An im- 
portant finding which should alwajs be 
sought is inward dev iation of the axis of the 
humerus. The axis of the humerus in normal 
position passes from the center of the elbow 
crease below through the acromioclavicular 
joint above. 


Stimson’s sign, or crepitus. By fle-ving the 
forearm and using it as a lever in one hand 
to gently rotate the shaft while holding the 
head between the thumb and fingers of the 
other hand, one determines if the bead ro- 
tates with the shaft or if crepitus is asso- 
ciated with this movement. 

Stimson’s sign (pain at the site of frac- 
ture 00 pressure in the long axis of the 
bone) is often useful nhen swelling is so 
extensive that direct palpation yields no 
definite information. 

X-ray films should be stereoscopic antero- 
posterior ones for the reason that films 
taken in a lateral plane require abduction 
to nearly a right angle— a degree of move- 
ment which may not be possible on account 
of pain, or which might further displace 
fragments. [With care and gentleness an- 
teroposterJor vjens In e.\terna} and Interna) 
rotation can often be secured. If it is pos- 
sible to get these pictures, they may prove 
very helpful.— Ed.J 

Fracture of Greater Tuberosity. These 
may result from direct violence or by avul- 
sion. It is frequently associated with dis- 
location of the bead of the humerus. The 
condition is difficult to diagnose, as a rule, 
except by x-ray. ^\^Ien the fracture occurs, 
the detached fragment is usually pulled 
badiward and upward by the supra- and 
infraspinatus and teres minor muscles. 

[WTien the displacement mentioned in the 
text as "usual” is present it is slight, or at 
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the mo^t extreme!) modente if the ca'^e is 
to be amenable to con erxatixe treatment 
The \ast majont) of greater tuberosit) 
fractures occurring without coincident 
shoulder dislocation show practicallv no 
displacement In those complicating shoul 
der dislocation the reduction of the dis 
lo'*ation returns the tubero it) to practical!) 
normal position in the great majont) When 


■splint This position the) feel should be 
mamtamed for at least four weeks and two 
weeks more should elapse before an\ force 
ful actue mo\ement is mnde This position 
Is uncomfortable and frequently \er) pam 
ful and nearl) always requires confinement 
to the hou e Furthermore when the con 
dition occurs simultaneou I) yyith a disloca 
tion the abducted position is unfay orable 


Fig 723 A Fig 723 B 



Fio i23 \ Positions which greater luberosii) ma) assume followini; fracture or 
following dislocation of humerus associated with fracture of greater tuberosit) after 
dislocation has been reduced 

(A) Periosteal attachment intact but stripped from <haft and with associated tear of 
supraspinatus or infraspinatus attachments of musculotendinous cuff of shoulder joint 
capsule A relatnel) rare lesion Requires operatise repair or cuff lesion with fastening of 
tuberosit) 

(B) The usual situation Both periosteum and aiff attachments are intact Shaded 
gap between tuberosity and shaft ma) be wide or narrow depending on amount of inter 
y enmg hemorrhage and exudate and its consisienc) 

(C) Periosteal attachment ij tom and intact cuff attachment pulls tuberosit) upward 
and back to or beneath acromion and clasicle b) mu cular contraction Th s requires 
operation with replacement (a) Tuberosit) (b) periosteum (c) musculotendinous cuff 

Fig 723 B AymUion of greater tuberosil) with dislocation of head of humerus Show 
mg replacement of fragment which takes place when arm is bound to side after reduction 
of dislocation 


marked displacement of the tubero it> is 
present, either without dislocation or after 
reduction of a dislocation it has the sig 
nificance denoted in Fig 72 j \ 

These marked displacements constitute 
a small percentage of the case* but their 
net re uli if neglected is the same as that 
of extensiye tear of the mu culolendmous 
cufi -Ed ] 

It Is felt b) many ob er\ers that the mo t 
logical po ition for the arm is m abduction 
and external rotation fixation being by 
circular planter or «ome type of airplane 


for maintenance of reduction of the dis 
location 

We haxe se\eral limes been compelled b) 
expedient:) to bind the arm to the side in 
ca es of dislocation of the head of the 
humerus a. ociated with ayul lOn of the 
greater tubero ily (Iia 721 B) Radiographs 
taken within the next few days nearly 
always showed con iderable separation be- 
lyyeen the fragment and Us <eat, but after 
a lap e of sey eral da\ w hen spasm of mus 
cles had sub ided the fragment would be 
found to ha\e resumed the seat from which 
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it had been detached. Wilson mentions 
similar experience with this type of injury. 

Guided by this experience, we usually try 
fixation with a swathe at first, and if this is 
not followed by replacement we favor open 
fixation of the detached fragment. [In those 
not requiring operation, the use of a sling 
and swathe for 48 or 72 hours with con- 
comitant physical therapy (heat— massage 
— low-milliamperage diathermj-) can be fol- 
lowed by a sUng during the day only, with 
a swathe added at night, and by the institu- 
tion of pendulum exercises several times a 
day (Chapter 29 ), gradually mstituUng 
active exercise as described below for frac- 
tures of the upper end of the humerus The 
sling usually can be discarded in from ten 
days to two weeks, and the swathe at night 
can be discarded in from two to three weeks 
Physical therapy merely as an adjuvant, 
and progressive active use as the main line 
of therapy, constitute the further treatment. 
More prolonged or extensive immobilization 
than described in this note, or the use of 
plaster or of airplane splints, is condemned 
by an increasingly large group. UTien dis- 
location has been present the night swathe 
is used for a longer time, and active exer- 
cise at the shoulder is kept below the right- 
angle level for from four to six weeks 
Othenvise the treatment is the same.— Ed.) 

This injury is sometimes followed by a 
bursitis which is extremely incapadtating 
and painful. [For this condition, see Chap- 
ter II.— Ed ] 

Fracture of Anatomic Neck, These usu- 
illy occur in elderly patients as a result of 
direct violence or falls on the outstretched 
hand or elbow. It is frequently impacted, 
but when this is not the case the fragments 
ate not often displaced to any marked de- 
gree. l\Tien displacement is present it may- 
be of extreme degree. 

Fracture of Surgical Neck. This is of 
frequent occurrence, and is seen in all ages 
It is commonly produced by falls on the 
abducted arm. The lower fragment may be 
displaced mediaUy into the axilla, lateraUy 
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or anteriorly. Posterior displacement is not 
common. Impaction, with rotary or angular 
deformity of the head on the shaft, is the 
commonest displacement 

On examination diffuse swelling is u'^ually 
extreme. The axis of the humerus may 
deviate inw-ard, and the presence of this 
sign with retention of the normal rounded 
contour of the shoulder differentiates this 
fracture from a dislocation In addition, the 
head does not rotate with the shaft of the 
bone and rotary movement of the shaft 
elicits crepitus. 

Attempts to reduce this fracture are 
unsuccessful in many cases because the 
rounded head covered by a soft muscular 
mass is difficult to control. Abduction to 
60* with rotation of the shaft is usually the 
most successful maneuver [Adduction of 
the shaft with fonvard elevation of the 
elbow and concomitant traction and direct 
manipulation often succeeds when the pro- 
cedure just described does not.— Ed ] WTien 
manipulation does not put the fragments 
in apposition, prolonged traction with the 
arm abducted to from 4S to 60*, and with 
the elbow flexed to 90*. will often result in 
anatomic replacement of fragments This 
position relaxes the biceps tendon as well 
as the deltoid muscle and the external 
rotators attached to the greater tuberosity, 
while abduction to no more than 60® does 
not stretch the pectoralis major to an em- 
barrassing degree 

Separation of Upper Humeral Epiph- 
ysis. This is seen at all ages up to 20 
years It occasionally occurs as a birth 
injury, but is most frequent during the 
second decade when activity is greatest 
SjTnptoms, signs, and examination are the 
same in every particular as for fracture of 
the surgical neck. It is not possible to dif- 
ferentiate this condition from fracture with- 
out x-ray. The difficulties of reduction are 
just as great and as uncertain as for frac- 
tures of the surgical neck, but accurate 
approximation of the two fragments is much 
more important in the case of separation of 
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the epiphj'^ia becau e of the po «ibilit> of 
sub equent groTrlh disturbance 

Treatment of Fractcees of Upper 
End of Humerus 

Transportation For transportation 
binding the arm snuglj to the side mth a 
swathe usualh permits comfort e\cept in 
those cases where there has been gio^s dis 
placement with laceration of «oft ti-i’^ue In 
such e%ent <;ome form of traction splint 
■such as the ■\Iurra\ Jones traction ‘‘plmt 
(Fig 724) or the Jones humeral traction 
(Fig 725) splint ma^ be nece^saia [See 
Emergenci and First aid Treatment in 
Chapter 22 -Ed [ 

Reduction For reduction local ancs 
thesia IS usualh salisfactorA 20 to 50 cc 
of 2 per cent procaine being injected into 
the hematoma about the fracture and no 
manipulation attempted for ten minutes 
[See Chapter 22 for technic— Ed] Local 
anesthe la is a distinct adiantage in mamp 
ulation of am fracture of the humerus 
becau e after the fracture has been re 
duced anj form of humeral dres«ing is 
much easier to appl\ if the patient is con 
scious and sitting up A plaster spica for 
the arm and shoulder is otherwise quite 
difficult to applj unless special apparatus 
is at hand for the patient to recline on 
The same applies to an adequate sling and 
swathe ^^'hen accurate or satisfactor> ap 
position of the fragments can be secured 
fixation bj the chosen apparatus should be 
immediate It is alnajs desirable for the 
patient to remain ambulator> and if pos 
sible to wear street clothing and carr\ on 
his occupation 

Traction UTien it has not been possible 
to manualli reduce the fragments to a sat 
isfactorj po ition some form of traction is 
usuallj applied This ma> be one of the ap- 
paratu es which permit the patient to be 
about, such a* a Jones humeral traction 
splint or the Kobe apparatus (Fig 726) 
The former permits traction onl\ m a aer 
tical direction, but when the latter is era 


ploacd anj degree of abduction in plaster 
IS possible 

Balvnced Tr.\ction If because of feeble 
ne<s, obesitx or other injuries the patient 
must be confined to bed some form of bal 
anced traction is the best method We ha\e 
found It advantageous to u'e a Thomas leg 
splint with a small padded ring The elbow 



Fic 724 Alurrav Jones arm splint 
— a particularh u'eful transportation 
splint can be applied over clothmf' 



Fic 723 Jones traction sphnl 
for fractures of humerus mo t 
frequently employed as tern 
porary «plmt (Courtc y 7ira 
mer Mfp Co Warsaw Ind ) 

IS flexed to 90“ and both arm and sphnt 
are suspended and counterbalanced under a 
Balkan frame (Iig 727) Traction may be 
made by means of a slmg about the upper 
end of the bent forearm bv adhesive ph ter 
Strips applied along each «idc of the hu 
merus to the shoulder or by a Stemmann 
pin or KirschnervMre through theolccranon 
A shtig about the forearm is apt to compre s 
the ves da somewhat and to thus impair 
circulation and cause the hand to swell 
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Adhesive plaster stretches the soft tissues 
and may cause a dermatitis which will pre- 
vent open operation if traction proves un- 
successful. In every way a pin or wire 
through the olecranon is the most comfort- 
able and effective way of applying con- 
tinuous traction to a humerus. The elbow 
should always be flexed and the arm ab- 
ducted 45 to 60® since in this position the 
biceps and other tendons which bridge 
the fracture are relaxed. The method of 


treated as described for greater tuberosity 
fractures in the editorial note on p 852. 

In anatomic neck fractures with actual 
marked displacement of the head from the 
shaft, with or without coincident tuberosity 
fractures, reduction and after-treatment by 
any of the means described by the author 
of this chapter are advocated by many sur- 
geons. An increasing number, however, are 
becoming convinced that the best method 
of treatment in these cases is primary exci- 




Fio. 726. (Le/() Hoke apparatus. Useful to apply traction on 
humerus when plaster case Is used. Adhesive strips in illustration. 
A pin through olecranon can also be used (Courtesy, Zimmer Mfg 
Co , Warsaw, Ind.) 

Fio. 727. Arrangement for balanced traction of humerus 

with small Steinmann pin through olecranon 


overhead traction by a pin through the 
olecranon is frequently effective See Chap- 
ter 31 

^lagnuson utilizes the flexed elbow and 
a special traction piece over the front of 
the elbow. See Fig. 750, p. 891. 

The indications for reduction in these 
cases of surgical- and anatomic-neck frac- 
tures are a matter of considerable dispute, 
and the test of time, and adequate follow-up 
on results, seems to be slowly but steadily 
leading to a consensus that reduction is 
indicated only in a minority of cases 

In anatomic-neck fractures with impac- 
tion and angulation as the deformity it is 
pretty generally agreed that reduction is 
not indicated, and that the case should be 


sion of the head fragment, placement of the 
smoothed-off end of the shaft in the glenoid, 
and the early institution of active motion 
in balanced suspension. This is continued 
for from two to three weeks, and the patient 
then becomes ambulatory with a sling and 
the institution of the regimen described for 
greater-tuberosity fractures as designated 
above. Apart from the empirical results ob- 
served in follow-up on these cases, the basis 
for this viewpoint lies in the difficulty of 
reduction and the fact that in anatomic- 
neck fractures the head fragment h.as ex- 
tremely little if anything in the way of soft- 
part attachments As a result, delayed or 
nonunion is common, and even if union does 
occur there is apt to be some degree of 
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a«eptic necro‘=is or slow degenerati\ e diange 
in the head fragment leading to a flatten 
mg and mushrooming of the head fragment 
within the next one to fi\e jears For the 
first > ear the«;e patients ma\ show excellent 
functional results this is followed by a 
gndualh pro'wessue loss of motion range 
with increa mg discomfort and pain asso 
aated with the i rav changes noted abo%e 
If the tuberosities remain attached to the 
head fragment and displace with it the 
condition IS not of course an anatomic neck 
fracture and replacement m reasonable re 
alignment is mdicated followed bj the m 
stilution of pendulum exercises and gtadu 
allj increasing acti\e motion at as earl> a 
date ns po sible 

See Chapter 22 in regard to the whole 
question of reduction of epiph>-seal dis 
placements 

In surgical neck fractures the tuberosi 
ties remaining with the head fragment and 
the fracture being through the lower por 
tions of the tuberosities mere angulation 
e\en when marked with impaction can be 
treated with excellent cosmetic and func 
lional results h\ the slmg and swnihe pen 
dulum exerci e and earlj active motion 
regimen alreadv prescribed without reduc 
tion of the deformitv 

\\Tien the shaft and the upper fragment 
are completelv or largeh out of coDlnct 
then leduclion b) either the closed or open 
methods with replacement of the upper 
fragment and after treatment as described 
b\ the author is indicated 

In children the surgical neck fracture is 
represented either b\ epiphv eal separation 
which see or b> what are realls high shaft 
fractures with angulation If the child is 
under ten \ears of age and the angular 
deformitj is le^s than 15“ correction of the 
defomiit} Is probablv not nece«sar>, as 
growth tendencies will take care of it Ml 
that Is md cated is protection for four to 
SIX weeks to prevent additional trauma or 
deformitj If the angular deforraitj is more 
than IS* in a child under ten \ears of a"e 


or if It IS of anj degree sufficient to produce 
MSible deformitv in a child o\ er ten j ears 
It 15 perhaps wv-^r to correct it and to mam 
tam correction as previouslj indicated — 
Ed] 

Open Operation MTien neither manipu 
lation nor traction succeeds in accomplish 
mg satisfactory reduction an open opera 
tion should be considered For this purpose 
the exposure described bj Henry is prob 
ably the most satisfactory The line of the 



Fic 728 Plaster ca®es with arm m 
abduction (c) Arm braced and humerus 
rotated (t) Arm not braced and hu 
menis not rotated outward (Courie&j 
Sp ers A Bnef Outline of Modem 
Treatment of Fractures p 54 Balti 
more U illnms &. M ilkitis Co ) 

ma ion is from the acromion process to the 
outer condjle of the humerus The deltoid 
muscle and long head of the biceps are 
separated and the head and neck of the 
humerus are expo ed 
There has been much control ersj as to 
the po ition in which a fracture of the hu 
inerus near the shoulder should be spimted 
and the disagreements may be said to have 
been re olved into two opinions The first 
of these might be called rigid immobiliza 
tiomsts and the second tho e who believe 
that earlv active motion i» the preferable 
method 

Those who advocate complete restriction 
of movement m the shoulder joint resort to 
a plaster case {Fig 72S) or some variety of 
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airplane splint (Fig. 729), with the arm 
abducted 60 to 90° and externally rotated 
90 to 180°. In this position the deltoid 
muscle is relaxed, as are also the supra- and 
infraspinatus and teres minor. When reduc- 
tion has not been manually accomplished 
and some form of traction must be used, 



Fig. 729. Airplane traction splint for 
fractures of humerus. {Top) Front view. 
{Bottom) Back view. (Courtesy, Zim- 
mer Mfg Co., Warsaw, Ind.) 

an apparatus of the type described by Hoke 
(Fig. 726) may be used, and traction can 
be made by pin or wire through the olec- 
ranon, or by adhesive-plaster strips at- 
tached to the upper arm. When sufficient 
calcification of callus has taken place to 
render the site of fracture immobile, the 
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fixation is removed and function is restored 
by massage and by passive and active 

motion. 

The advocates of this line of procedure 
advance the following arguments Since the 
deltoid muscle is relaxed, it is not stretched. 
This is also true of the external rotators 
The movements of abduction and external 
rotation, which are the most difficult to 
restore, are diminished to a lesser degree by 
this position, and consequently return more 
promptly. 

Objections to this method are that (1) 
the apparatus is heavy and cumbersome, 
(2) street clothing cannot usually be worn, 
which necessitates confinement to the house, 
and (3) such a dressing as a shoulder spica 
holding the arm in abduction requires that 
the body be encased to the waist, which is 
out of the question for the feeble or obese 
patient. 

The second method consists in some form 
of dressing which permits the arm to hartg 
at the side and which uses the wall of the 
thorax, either directly or with some inter- 
posed material or device, as support to pre- 
vent lateral motion. Since the shoulder is 
a ball and socket joint and permits the 
humerus to rotate freely in all directions, 
the bone will hang vertically, influenced by 
gravity alone, when the patient is erect and 
the arm at rest The common splinting de- 
vices are (1) a swathe, of either fabric or 
adhesive plaster, to include the humerus 
and thorax, with a well-powdered towel in- 
terposed between the arm and the chest wall 
to prevent skin maceration, or (2) a Jones 
humeral traction splint. It is rarely neces- 
sary to confine the arm fully for more than 
a week or ten days, after which time some 
active exercises are begun These should 
first be gentle rotation of the humerus, using 
the flexed forearm as a le\er. After a few 
days the atm should be held at the side 
with the elbow extended and swung back 
and forth through as great an arc as is com- 
fortable (Fig. 730). A few days later the 
patient may lean forward and abduct and 
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adduct the arm aero s the bodj "withm com 
fortable limits (Fig 731) 

Such a regimen should be carried out for 
from four to sue weehs at which time union 
will usuallj be firm enough that moderate 
stress on the fracture will be painless and 
all movements of the hand below the shoul 
der can be made comfortably V> ith the use 


monlv located about or below the middle 
of the bone The humerus is one of the 
bones most frequentiv subject to gunshot 
fracture 

Diagnosis of fracture of the humerus is 
almost alwajs quite obvnous— swelling ap 
pears earl> and is v er> evident and abnor 
mal mobilitj is noticed with 'light move 



Fic 730 Active eaercues to restore motion 
Fle'uon and extension 


Fic 731 Active exercises to restore motion 
Abduction and adduction 


of exercises such as crawling up the wall 
with the hands (Fig 732) or abducting 
and adducting the arm against the counter 
force of a weight pulling through an over 
head pullej or swinging the arm forward 
and backward and across the bodv sboul 
der function will in mo«t cases be restored 
m from S to 12 weeks The variable factors 
which prolong this penod are the age and 
phvsical condition of the patient lack of 
cooperation and persistence in carrying out 
restorative movements the tj'pe of fracture 
and the accurac} of reduction 

SHAFT OF HUMERLS 
Fractures of the 'haft of the humeru' 
ma> occur at anj location Tho'e toward 
the upper end are as a rule due to indirect 
violence while direct trauma i» usuallv re 
'pon ible for tho e about the middle Com 
minution is frequent and compound frac 
tures are often 'een Wrestling and other 
phv'ical contests of 'trength and occasion 
allj torsion of the forearm while throwing 
result in a long 'piral fracture most com 


ment Crepitus is generall> elicited on the 
slightest movement unle's displacement has 
been sufficient to force one fragment into a 
different mu'cle plane from the other and 
the inlcrpo'ed muscle prevents contact of 



Fig «3’ Active everci ea to restore 
motion Crawling up wall with hands 
(a) Sidewaj-s to wall (b) facing wall 


the fragments If no crepitus or obvnous 
bon> contact of fragments is eliated during 
examination or attempted reduction inter 
position of soft pans between the fragments 
and the adva&abilitj of open reduction is 
apparent 
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In a fracture of the shaft of the humerus, 
if the break is not comminuted or if the 
obliquity is not too great, reduction of frag- 
ments is probably easier than in any other 
fracture. Maintenance of apposition of frag- 
ments is most uncertain, however, and sub- 
sequent displacement is always to be 
guarded against by frequent checks by x-ray 
or by fluoroscopic inspection. 

Anesthesia for manipulation and splint- 
ing is most satisfactory with 2% procaine 
injected into the hematoma between the 
fragments. Following this, ten minutes is 
allowed to elapse before any attempt at 
manipulation, and reduction and splinting 
can nearly always be accomplished without 
discomfort to the patient. Occasionally one 
encounters an individual who is tempera- 
mentally apprehensive and who cannot 
relax, and no choice is left for the operator 
but general anesthesia. [Brachial block can 
be employed It requires a skilled anes- 
thetist, and if not complete it is worse than 
useless. It is not a procedure for everyday 
use.— Ed.] 

When fixing a fracture of the shaft of the 
humerus, regard must be had not only for 
the nature of the injury, but also for several 
other factors. Is the patient a child or an 
adult? If the latter, is he vigorous or feeble, 
slender or obese ? Does he live alone, or can 
he receive simple nursing care and personal 
attention ? Is his injury severe, or Is it 
associated with other injuries, so that con- 
finement to bed >vill be necessary? VVflJ the 
patient be able to rest and abstain from 
activity during convalescence, or is it nec- 
essary that he get about somewhat? Ob- 
viously, all of these questions must be 
considered before one decides upon an appa- 
ratus for fixation. 

Transportation. For transportation there 
are three methods which will enable a pa- 
tient to move or be carried without painful 
displacement of fragments. [See Emergenqr 
and First-aid Treatment in Chapter 22.— 
Ed.] The simplest is a swathe which binds 
the patient’s arm snugly to his side, the 
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forearm being held at a right angle by a 
sling If the arm be put in the sling first, 
and the swathe applied over the sling, rota- 
tion of the humerus is prevented The sling 
in this case should not cover the entire fore- 
arm, but had better be a wide strip of 
bandage (four-inch) which is tied loosely 
about the %vrist. If it is felt that some trac- 
tion is necessary, as is the case when the 
fracture is comminuted or spiral or very 
oblique, a Jones humeral traction splint or 
a Thomas arm splint should be applied. The 
Jones splint may be permitted to remain 
for some time and may be used for treat- 
ment as well as transport. A Thomas arm 
splint is unusuitable for prolonged use be- 
cause it holds the arm extended at the 
elbow. This position does not permit ade- 
quate relaxation of the muscles which bridge 
the fracture . 

When fixation in an abducted position is 
necessary because of persistent adduction 
of the lower fragment, one of the airplane 
types of splint may be used, or a plaster 
spica may be applied with the arm in the 
abducted position and as much external ro- 
tation as is indicated by x-ray study. Such 
a dressing is cumbersome and is, as a rule, 
impractical in patients who are obese or 
feeble. It has the further disadvantage of 
preventing the wearing of ordinary street 
clothes 

When the fracture is high, that is, well 
above the insertion of the deltoid muscle, 
the simplest dressing is the body swathe, 
with the forearm suspended in a sling with 
the elbow at 90®. For the first 10 to 14 days 
the sling should be covered by the swathe 
in order that the arm shall not rotate. Later 
the sling may be removed from the confine- 
ment of the swathe and the patient directed 
to rotate his arm within comfortable limits. 
[See previous notes on after-care.— Ed.) 

A\Tien the fracture is spiral or the sur- 
faces have so much obliquity that they can- 
not be made to engage, some form of trac- 
tion must be used to maintain length. If 
there is no contraindication to confinement 
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of the patient to bed, the ‘iimple^t and mo^t arm is siifticicnt m mo'^t ca«e& to pull the 
comfortable vra\ is b\ means of a pm loi\er frairment donm ^ome de\ice to re 
through the olecranon rnth the arm counter stnct lateral motion and rotation is all that 
balanced under a Balkan frame and the is required to make fraiiment<5 come together 
forearm flesed at 90® \\ ith this method the in the muscular tube m \ihidi thev he 
effect of traction and po ition are ob^eraed Fig 733 illustrates four drc'-sincs which 
b\ portable x ra\ exanunalions have been in u«e for vears, but nhich are 



Fro 733 Tjpes of sphnlm" m u'C at various time' 



Fig 734 Gurddre* ing for fracture of humerus 

(A) AnUarj pad to abduct arm in po ition 

(B) Plaster applied and molded to contour of arm 

(C) Shon-s direction of pull 

(D) Lateral vien 

(E) Felt pad in po ition This acts as a fulcrum when forearm is u ed as lever to pull on 
humerus, and protects forearm from pre"ure 

WTien the patient Is ambulatorv, traction dihicult to maintain or onlv parlnlli cf 
maj b" made b\ a Jones humeral traction fectue 

'plint or Hoke apparatU' However, either There are two simple and cxcelknt moth 
appvaratus is cumber'ome and prevent^ ods of accompli lung the purpo'c The first 
wearing of clothes, and i' reallv not necc« is the ph'ter swathe of Fra cr Guril which 
^arv becau-e ver\ little puU is required to can be u ed for both fiaation and traction 
overcome overlapping of fragment' Since (Iig 7o4) Tin arm i' bandagcil to the «Kk 
the hunierus hangs verlicallv when the pa b\ mtitis of pla ttr of pari' rolls which al o 
tieni 1 ' upright and «mce the weight of the cover the shoulder A well {xiwdirid towel i' 
arm below the fracture added to the fore inierpo ed bt-twi-cn tin. arm and tlic tlioriv 
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to prevent maceration of the apposed skin 
surfaces. A pad of felt is then placed just 
below the bend of the elbow between the 
flexor surface of the forearm and the lower 
edge of the plaster encasement. This pad 
acts as a fulcrum when the wrist is drawn 
up by a sling around the neck, and the lower 
Iragment of the humerus is draun down. 

The other method is the author’s hanging 
cast, or traction cast (Fig. 73S). A plaster 



Fio 73S (Lejt) Swinging cast of 
author. IVeight of cast restricts move- 
ment and makes traction on humerus. 
Note suspension from wrist only. 

Fig. 736. (Right) Rotation with trac- 
tion cast. This exercise may be started 
early (first week). Since both fragments 
rotate through same arc, they are not 
displaced. 


case is applied from axilla to wrist with 
the elbow at 90*. This case should not be 
applied to the skin, but over stockinet, no 
padding being used. A ring of metal is in- 
corporated in the upper surface of the case 
at the ivrist, and through this is threaded 
a strip of muslin bandage which goes about 
the neck, and by means of which the arm 
is suspended. This apparatus restricts move- 
ment to a sufficient extent to prevent gross 
displacement and the weight of the case will 
be sufficient to pull the lower fragment 
down into line w’ith the upper. [The con- 
stant traction supplies sufficient immobili- 
zation fn these cases to allow of union. It 
is essential that the suspension be by the 


wrist, and not by a sling under the w’hole 
forearm or supporting the elbow The wrist 
should be held up so that the weight of the 
arm and plaster pulls directly downward at 
the elbow. Traction may be applied to the 
elbow portion of the plaster down over the 
foot of the bed at night, or the patient may 
sleep in a semt-reclining position to main- 
tain the downward traction effect of the 
forearm and the encasing plaster —Ed ] 

Whatever the splint or case that is worn, 
it should be continued for six.wee.ks, after 
which a sling wdll give sufficient immobiliza 
tion unless union has been considerably 
delayed. Even if some false motion can be 
elicited, a sling usually gives sufficient re- 
striction of motion, and displacement or 
angulation is not apt to occur because the 
bone hangs vertically, and the weight of the 
arm will keep the fragments aligned After 
removal of the splint, the exercises de 
scribed earlier should be instituted, as well 
as gentle use of the hand and forearm. 

Fracture of the shaft of the humerus is 
occasionally associated with injury to the 
radial nerve, particularly when the break 
is in the middle third of the bone When 
the patient is first seen an examination to 
discover or eliminate radial-nerve injurj 
should be made, and this examination 
should be repeated frorn time to time. The 
cardinal symptoms are wristdrop (inability 
to extend the wrist), inability to abduct the 
thumb, and sensory loss over the dorsum 
of the thumb and the radial side of the 
wrist. Radial-nerve lesions may be early or 
late The early lesions may be contusions 
or lacerations of the nerve from its having 
been stretched by e.xcessive angulation of 
the bone, or bruised by pressure from dis- 
placed fragments. Complete lesions consist 
of severance of the nerve by sharp frag- 
ments either at the time of injury or by 
subsequent manipulations Late involve- 
ment of the radial nerve is due to the nerve 
being caught and incarcerated in the fibrous 
tissue or callus which has been deposited 
to effect repair. 
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WTien examination soon after injury 
shows complete loss of extensor power m 
the wrist and inability to abduct the thumb 
with anesthesia m the area supplied b> the 
radial nerve there is no waj of telling 
whether the interruption of conduction is 
anatomic or physiologic or in other words 
whether the ner\e is seiered or conduction 
IS interrupted by hemorrhage and edema 
following contusion The onlj wavs in 
which this question can be decided is bj 
exploration or by waiting for return of func 
tion The latter course requires four to six 
weeks before the question can be answered 
and this tim*' is lost if it turns out that the 
nene has been severed For this reason we 
feel that when the sjmptoms indicate com 
plete interruption exploration should not 
be dela>ed In case nerve«e\erance is found 
repair is easier at this lime and at the same 
operation the fracture max be fixed by 
plate wire band or other mechanical 
measure [See Chapter 22 for operatne fix 
ation —Ed ] UTien the symptoms indicate 
an incomplete ner\e lesion a polic> of wait 
mg should be pursued Nearly all contusions 
of the nerxe are followed b> recox ery which 
maj be complete b> the time the fracture 
has united 

Supracondylar Fracture of Humerus 
[See Chapter 31 for other and different 
xiews on this subject —Ed ] Usuall> this 
fracture occurs m children and a '^cpa 
ration of the epiphxsis is frequentlj «een 
instead of a fracture or the fracture 
line follows the epiph>«eal line part of the 
wa> The fracture line is nearlj always 
oblique with the lower fragment displaced 
poateriorlj Swelling usually follows <=0 
promptlj after injurj that an> deformitj 
IS masked UsualK howex er the lower frag 
ment is displaced poslenorh so that the 
altered contour is similar to that seen m 
posterior dislocation of the elbow Fre 
quentK lateral displacement of the distal 
fragment is a sociated with the po«tenor 
one There la often angulation and false 
motion noticed just aboxe the elbow and 


flexion of the elbow is difficult or impos 
sible because of pain 

Complete relaxing anesthesia is always 
desirable and usually necessary to effect 
accurate reduction Local anesthesia usu 
allv IS excellent The maneuvers are as 
follows One hand grasps the patients 
wrist and the other the humerus— just 
above the elbow The latter hand is placed 
so that the palm covers the posterior sur 
face of the humerus and the fingers the 
anterior surface while the thumb is on the 
olecranon process The patient s arm is then 
hvperextended and traction is exerted in the 
long axis of the bone and while the pull 
is continued the elbow is gradually flexed 
as far as possible 

Complete flexion is rarelv possible on ac 
count of swelling of the soft ti sues Forcing 
of flexion will often result in compression of 
the brachial artery to such degree that the 
radial pulse will be obliterated WTien this 
IS noted the flexion should be slowly de 
creased until the pul e reappears As swell 
ing subside* flexion should be increased 
until the fragments are held m satisfactory 
position 

Acute flexion of the elbow stretches the 
triceps tendon tightly oxer the fracture 
This not only draws the fra-nnents together 
but by Its close apposition to the posterior 
surface of the humerus prevents backward 
displacement of the distal fragment Com 
pression of the soft tissues on the front of 
the humerus holds the proximal fragment 
back This anatomic arrangement of the 
joint structures favors retention of the frag 
ments in position when the elbow is acutely 
flexed So eftective is thu position for main 
taming reduction that sometimes the only 
dressing nece sary i& one to keep the elbow 
acutely flexed This plan of treatment was 
emphasized b\ Hugh Owen Thomas and 
his gage halter is probably the most used 
as well as the simplest dressing for this 
type of fracture The hand is put in the 
throttling position that is grasping the 
throat and is fastened in this position by 
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means of a wide muslin bandage tied around 
the wrist and the neck. 

The Robert Jones dressing consists of a 
wide strip of adhesive plaster about the 
middle of both the arm and the forearm, 
holding the arm in acute flexion. The hand 
is supported by a loop of bandage about the 
wrist and the neck. The adhesive plaster 
about the arm is uncomfortable, and if 
swelling increases it may become perilously 
tight; it really accomplishes no more than 
the gage halter of Thomas. 

The Ashhurst dressing is an excellent one, 
consisting of a figure-of-eight bandage hold- 
ing the forearm in acute flexion. The tails 
of the bandage are left long at the wrist and 
tied about the neck. 

Immediate fixation in acute flexion is fre- 
quently not possible when the arm is first 
seen because, in the presence of much swell- 
ing, flexion of the joint will cause compres- 
sion of the brachial artery and cut off the 
circulation of the hand and forearm. Also, 
the prompt appearance of fracture blebs 
will cause the apposed surfaces to macerate 
if they are compressed together. When 
acute flexion is not possible, (he best pro- 
cedure is to splint the arm in almost com- 
plete extension by means of a molded 
plaster splint which extends beyond the 
fingers. The patient should then be put (o 
bed and the arm suspended at a right angle 
to the body while the patient is recumbent. 
In this position swelling will usually sub- 
side enough in three or four days to permit 
reduction. [See comments on this procedure 
in Chapter 31.— Ed.] 

After reduction of a supracondylar frac- 
ture the patient should be under close 
observation for at least 72 hours The arm 
should be kept in acute flexion for four 
weeks. At the end of the fourth week the 
flexion should be diminished to 90', and the 
next week should again be brought up to 
the acute position. In six weeks all dress- 
ings may be removed and light exercise 
permitted. Under active use, complete ex- 
tension will usually be possible in two to 
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three months, though occasionally it will 
take the patient many months to be able to 
extend the arm beyond 16S or 170' 

LOWER END OF HUMERUS 
Epiphyseal separation is similar in all 
particulars to supracondylar fracture. As 
a rule the injury is not a straight simple 
detachment of the epiphysis from the diaph- 
j^is at the epiphyseal line, but frequently 
a portion of the diaphysis will displace with 
the epiphysis. When the injury occurs very 
early in childhood, the diagnosis may be 
obscurerl by the fact that since the epiph- 
ysis is still cartilaginous, it is not seen 
by x-ray and its displacement cannot be 
discovered except by palpation Reduction 
and management are similar to that de- 
scribed for supracondylar fractures, and 
when fair apposition has been secured a 
good fimcUonal result usually follows. In- 
accurate reduction may be followed by re- 
tardation of growth of the bone and some 
shortening, or, what is more serious, by 
irregular impairment of growth and devel- 
opment of the distal end of the bone, result- 
ing in deformity and possible functional 
impairment. [See Chapter 22 for discussion 
of epiphyseal separation and growth dis- 
turbance.— Ed,] 

Fracture of a single epicondyle is rarely 
an Injury of any portentous significance 
The fracture does not extend into the elbow 
joint and the pain associated with move- 
ment is nearly always sufficient to insure 
adequate restriction of motion The usual 
disability which follows these injuries is 
most commonly due to prolonged splinting 
A short period of splinting in flexion should 
be followed by increasing active motion 

WTien the inner epicondyle is displaced 
it is always possible that (he ulnar nerve 
may be caught in callus or scar tissue and 
cause some disability of the hand from 
interference with ulnar conduction. When 
this happens, removal of the epicondyle and 
neurolysis of the ulnar nerve should remedy 
the condition. 
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Fracture of a condyle of the humerus 
may be of tnvnal significance when the frag 
ment is not large and its senaration does 
not produce a defect in the surface of the 
trochlea when the inner cond\le is m^ohed 
or of the capitellum when the external con 
djle is separated Treatment consists m 
acutelj flexing the elbow and holding it m 
this position until union takes place— UsU 
allj about four weeks m children and six 
weeks in an adult ^^'hen roentgenograms 
show that this position does not effect re 
placement open fixation should be con 
sidered This is done bj a lateral incision 
and the muscular attachments are freed 
from the surface of the bone bv sharp dis 
section The displaced cond>le is then fixed 
by means of a nail bone peg loop of wire 
or heaN-j catgut In an adult, when the frag 
ment is not too large the better plan is 
often to remo'e the fragment instead of at 
tempting to anchor it back m position 
becau«e the prolonged immobilization of 
the elbow which is necessar) to «ecure union 
of the dislodged piece may result m greater 
dysfunction of the joint than iiould ab 
eence of the bony prominence In children 
fixation of the fragment offers greater 
chance of successful union of the fragment 
Jso condjle should be allowed to remain 
dwplaced \er) far from its normal site be 
cau e attempts at repair maj in\oKe the 
deposit of a mass of callus large enough to 
impair free motion of the elbow 

Fractures of a cond 3 le into either trochlea 
or capitellum or a fracture separating one 
of these structures from the other are in 
Junes nith serious po&sibilities The two 
major immediate sequelae are (1) lateral 
deiiation of the elbow causing change in 
the canying angle and (2) interference 
with the normal range of motion with 
weakening of the arm and piam on lifting 
or carrying weights 

Replacement of the fragment should he 
attempted in the folloning maneu\er The 
injured arm is gra-ped just aboie the elbow 
by one of the operators bands while the 


other hand grasps the patient s wrist The 
elbow IS then hjTDerextended and also bent 
away from the side of the displaced condyle 
Traction is made with the arm and fore 
arm thus hv'perextended and adducted or 
abducted at the elbow and the joint is grad 
uallj flexed while the pull is maintained 
If good replacement cannot be accomplished 
the broken condyle should be replaced by 
open operation and fixed m position by 
screw, bolt or peg through the cond\le, 
or by mre or a loop of absorbable mate 
rial WTiatever fixation is used should be 
strong enough to bold the fragments with 
out requiring splinting of the elbow Per 
sonally we like to apply a Schantz dressing 
to the elbow and hang the forearm in a sling 
at 90® The patient is then encouraged to 
move Uie elbow gently as soon as he can 
do so without pain 

Fracture of the condyles occasionally 
causes interference of conduction in the 
ulnar nene MTien the fracture is of the 
inner condyle the nerve may be lacerated 
pinched or stretched at the time of injury 
by the displaced fragment On the other 
hand symptoms mav appear late due to 
incarceration of the nerve m callus or scar 
tissue or due to stretching several weeks 
or months after injury 

When a detached external condyle is not 
replaced and an increased carrying angle 
results the bones of the forearm gradually 
slip toward the outer side of the humeral 
joint surface This migration of the fore 
arm will in time make enough tension on 
the ulmr nerve to interfere with the finer 
movements of the hand and with deformity 
and atrophy of the ulnar type in the in 
trinsic muscles of the hand This type of 
ulnar nerve involvement may not appear 
for some years after the injury, often being 
delav ed for a^ long as ten or more y ears 

The radnl nene is not often involved in 
fractures of the external condyle but this 
is occasionally so In one personal case the 
nerve was se\ered when caught between 
fragments during an attempt to manipulate 
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a displaced external condyle into position. 
^Vhen complete interruption comes on im- 
mediately after the fracture or during a 
manipulation an exploration should be 
done as soon as possible. With delayed or 
incomplete lesions of the nerve an expectant 
course may be followed, and late explora- 
tion done as soon as it becomes apparent 
that spontaneous recovery will not take 
place. The median nerve is rarely injured 
in lower humeral fractures, because of its 
position almost in the midline in the cubital 
space where it is surrounded by soft tissue 
When injury does occur, it is manifested by 
complete loss of flexor power in the hand 
and wrist and loss of sensation in the palm 
and the palmar surface of the fingers. 

The rule of early interference in imme- 
diate or complete lesions and observation 
and late examination when symptoms are 
delayed should be followed The most 
serious complication of fracture of the lower 
end of the humerus is the ischemic paralysis 
which in extreme cases is followed by Volk- 
mann’s contracture or neuromuscular fibro- 
sis. This condition, described by Volkmann 
in 1S81, has been the subject of much 
speculation in the past as to both cause and 
pathologic changes The name neuromuscu- 
lar fibrosis is a confession of pathologic 
uncertainty. The convincing piece of experi- 
mental research by Barney Brooks has 
made clear the pathologic changes and also 
cleared many physicians of charges of mis- 
handling patients who have had the mis- 
fortune to be victims of this disaster. [See 
Chapters It and 31 for further discussion 
of this subject.— Ed.] 

Operations for fractures in the lower end 
of the humerus may be done for malposi- 
tion which cannot be corrected by manipu- 
lation and the purpose of correcting com- 
munication of fragments. 

Correction of malposition and open 
fixation is rarely necessary in children. 
Gravity and use of the arm will in most 
instances restore a useful degree of func- 
tion, even if accurate reduction cannot be 
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made, if the arm is splinted or held with the 
elbow in safe flexion Occasionally the frac- 
ture surfaces will be so shaped that acute 
flexion displaces them instead of holding 
them. In such cases the arm should be fixed 
in the position in which the best reduction 
can be secured. If a mass of callus grows 
on the anterior face of the humerus, pre- 
venting flexion by the impingement of the 
coronoid process of the ulna on it, this mass 
should be removed with an osteotome some 
SIX months or more after the treatment has 
been discontinued This is a much more 
conservative and a safer procedure than an 
open fixation on a child at the time of 
fracture. [See comments on myositis ossi- 
ficans in Chapter 22 .— Ed ] 

Operative Treatment of Fractures 
l^wER End of Humerus 
Grossly comminuted fractures of the 
lower end of the humerus in which the 
fragments are irregular in shape and the 
surfaces very oblique can rarely be reduced. 
To re-assemble the displaced fragments 
with any degree of accuracy, prolonged 
traction by a pin or wire through the 
olecranon must be used with the forearm 
flexed to 90* and the entire arm counter- 
balanced. [See Overhead Pin Suspension in 
Chapter 31.— Ed.] UTien the trial of this 
method fails to improve the position of the 
fragments, an open operation offers about 
the only method by which restoration of the 
relations of the joint surfaces can be brought 
about. The prolonged use of skeletal trac- 
tion may be followed by infection along the 
pin track, which is within the operative field. 

It must be sterile beyond any suspicion 
before operation is undertaken IVhen there 
is any doubt about traction being effective, 
we feel that the wiser decision is not to 
employ it, but to plan an open operation 
from the first. Manipulation of the frag- 
ments with traction on the humerus under 
anesthesia, while the effect of the manipula- 
tion is observed under the fluoroscope, may 
help one to arrive at a decision as to whether 
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or not traction -will be followed by satis 
factory reposition of fragments 
We have found that the most satisfactorj 
approach is from the posterior surface and 
the best position is with the arm fleTed o\er 
the chest of the patient WTien the arm rests 
on an armboard the posterior surface of the 


which projects be>ond the hand This sta 
bilizes the elbow adequately and the weight 
IS cut loose as 'oon as it becomes necessary 
to manipulate the elbow The incision should 
be at least six inches long abo\e the elbow 
and two or three inches below, and chould 
be to the medial side of the postenor mid 





Fig 757 Operation for comminuted supracondylar fracture of 
humerus (A) Draping with two layers of autoclaved stockinet (B) 
Ann across chest held m position by weight lied to wrist 



arm is not accessible Our custom is to 
sterilize the operative area, and then to 
cover the entire arm with two layers of 
stockinet which have prevnously been tolled 
into ‘ doughnuts 'and autoclaved (Fig 737) 
The arm is then passed through a sheet with 
a hole in it and is flexed over the patients 
chest Dunng opieralue handling the arm 
repeatedly tends to slip off the chest We 
have found it very helpful to tie a sterilized 
weight (a weighted vaginal speculum an 
swers perfectly) to that part of the stockinet 


line The diagonal fibers of the long head 
of the tncepa should be ^epiarated from the 
triceps tendon down to the humerus The 
ulnar nerve should be located, dissected 
free, and retracted from the field by a wet 
tape Occasionally the skm can be retracted 
suffiaenlly to allow access to both sides of 
the humerus and the fragments can be 
manipulated m position without freeing 
muscles from both condyles Most fre 
quently, however, it is necessary to cut the 
tnceps tendon about one inch above the 
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Fig 738. Fragments exposed after longitudinal incision. Triceps 
tendon severed and retracted. Fragments clamped in uterine tumor 
forceps, and condyles being drilled for bolt 



Fig. 739. Fragments secured by bolt through condyles and by three- 
arroed plate. 
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olecranon and reflect the entire muscle mass 
from the postenor and lateral surfaces of 
the bone the dissection proceeding from 
abo\e downiiard The tncepa should not be 
cut through completeU at one le%el but 
should be step cut that is cut halfnaj 
from one side then halfwa\ from the op 
posite side at a different le\el and the 
internal encL of the croas incisions should 
be jomed b> a longitudinal incision 
After the fragments ha\ e been freed from 
soft tissue thej should be fitted together as 
accuratelv as possible and held in position 
For this purpo«e we have found a double 
uterine tumor forcepa with a ratchet lock 
most valuable (Fig 738) \\ ith this instni 
ment the fragments may be held with little 
danger of cru hmg and ma> be dnlled for 
whatever fixation material is suitable for 
the particular ca«e Our preference is for 
wire or plates to unite cond>les to the shaft 
(Fig 7^9) For holding the two condjles 
together when there is a fracture «eparating 
them we have found a small steel bolt most 
useful This IS Usually of the «ize of a 6/32 
bolt and is about four inches long and 
threaded the entire length A proper «i 2 ed 
drill IS dnlled through the humeral condjles 
from one condjle to the other When the 
dnll point emerges the drdl is unchucked 
and the bolt with a nut nett to the chuck 
is clamped in the chuck The drill is care 
full} and graduallv withdrawn with pliers 
and the bolt is spun through the dnll hole 
following do eh upon the removal of the 
dnll When the end of the bolt emerges a 
nut IS started on the end and clamped down 
tight This method makes for ^lecure fixation 
of the separated condvles and the bolt is 
easv to remov" at a future date Since the 
condvles and lower shaft are cancellous 
bone, screws into the bone stnp easilj and 
do not hold well Loops of nire preferablj 
of stainlc's steel are verj useful provided 
the wire is tnisted down light Nails and 
beef bone pegs are occasional!} suitable to 
anchor a detached condjle 

After a comminuted fracture of the hu 


merus has had an open operation we are 
quite addicted to a Schantz dressing to par 
Uallj immobilize the elbow This is applied 
as follows Two or three lavers of cotton 
sheet vradding (such as is u ed under plaster 
casts) are wrapped about the arm from 
wnst to shoulder with the elbow at 90® 
The«e lavers of cotton are then compres-^ed 
bj bandaging with a muslin bandage Two 
or more lajers of sheet wadding are then 
applied over the first lajers and the e are 
in turn compres ed with mushn bandage 
Such a dre« mg tends to prevent oozing bj 
the uniform pre sure which it exerts over 
the entire arm and it restricts motion both 
bj pressure and bv its bulk This dressing 
Is allowed to remain for ten davs If the 
fixation has been accurate and firm no form 
of splint is applied The forearm is hung in 
a sling at 90® and the patient is urged to 
u e the elbow gentlv as much as he can 
without pain WTien the fixation has not 
been quite firm and accurate apposition of 
the fragments has not been possible to at 
tarn the elbow is immobilized at 90" with 
a cast which is allowed to remain for four 
weeks UTien it is removed the forearm is 
hung in a 'ling and gentle motion is begun 
as soon as it can be done without di'com 
fort 
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Fractures and Dislocations Involving 
Elbow Joint 

Frederick M Smith, M D 


AlsATOMl 

The elbow joint is constructed for active 
use and mobilitv Stabihtj with rare escep 
tions Is of less importance than is motion 
for a useful elbon ^\’hen the surgeon is 
confronted with the problem of treating a 
badlj injured elbow the restoration of nor 
mal anatomj, though of great importance 
IS not nece anh the most important de 
«ideratum of treatment A perfect looking 
elbow m which the t raj films «how excel 
lent anatomic alignment maj be almost 
completeh «itiff and useless owing to either 
too prolonged immobilization or too strenu 
ous treatment Even in a patient who has 
to perform no 'killed movements an elbow 
that will not flex bevond 120° ma> be a 
'enous handicap It will prevent such everj 
dav dutie'- as getting the hand to the mouth 
buttoning a coat tvxng a necktie doing the 
hair and a number of other simple but im 
portant thin'»' If stiffness is to be espected 
followin'; an mjurv, it is better for manv 
individuals to have flexion rather than ex 
tension \ stiff knee in proper position 
makes for a verv useful leg and the lack 
of motion Is not too «e\ere a handicap But 
in the elbow as in all other joints of the 
upper extremitv, mobilitv is of prime im 
portance It is therefore often good judg 
ment in treating elbow injune^ to strive 
(or as much function m joint as is 


obtainable bj anv justifiable means even if 
this course entails «ome sacrifice m resto 
ration of anatomj and x raj criteria 

Ever} one attempting to treat fractures or 
dislocations should be familiar with the 
analomj of the elbow joint m both the adult 
and the growing child The majoritv of 
anatomic textbooks «tre<s the adult anatomv 
rather than that of the growing child Elbow 
injuries are of far more frequent occurrence 
m children than in adults hence accurate 
knowledge of the anatomv m the child is 
quite important 

The normal anatomv of the adult elbow 
can be found in any textbook of anatomj 
or in anj fracture textbook It is a hinge 
jomt the forearm flexing on the arm to an 
average angle of approximate!} 30* and 
extending to a strargit sngle ol Some 
individuals cannot flex to quite 30* if thev 
are verj mu cular, but mo«t people should 
be able to extend to ISO* Rotation takes 
place between the upper end of the radius 
and the humeni. and between the head of 
the radius and the ulna 

The sv'nov^al membrane of the joint at 
taches just out'ide the cartilaginous articu 
lar 'urfaces of each of the«e bones This 
makes a 'urpnsinglj large joint cavatj The 
collateral li-mments on either «ide of the 
joint and the orbicular (annular) ligament 
which bolds the head of the radius in con 
tact with the les-er sigmoid notch of the 
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ulna and with the capitellum of the humerus 
are, from the standpoint of joint stability, 
the ligaments of importance in treatment 
The anterior and posterior portions of the 
ligaments forming the capsule of the joint 
are thin, pliable, and loosely attached in 
order to allow free flexion and extension 
Lying upon and attached to the anterior 
capsule of the joint is the brachialis anticus 
muscle. [This close relationship between 
capsule and muscle is correlated with the 
frequent occurrence of myositis ossificans in 
this region when the anterior capsule is torn 
in association with elbow fractures.— Ed J 
In addition to inserting into the capsule 
this muscle also inserts low down on the 
front of the coronoid process of the ulna. 
The tip of the ulna is intra-articular in 
position. 

GENERAL TREATMENT 
PROBLEMS 

Displacement of fragments occurs and 
may persist because of: first, the original 
force causing the injury; second, muscle 
pull may, over a period of minutes or hours, 
complete or even increase the original dis- 
placement; third, faulty attempts at re- 
duction may add to the original, or change 
one type of displacement to another; fourth, 
ineffective immobilization of the fragments 
after reduction may allow continued muscle 
pull to re-displace them. One is always 
faced with this problem of constant muscle 
pull, and should keep in mind the muscle or 
group of muscles attached to each fragment 
in order to reason best (1) how to facilitate 
reduction by relaxing the muscles that in- 
terfere with reduction, (2) how to use 
muscles, where possible, to help maintain 
reduction, and, above all else (3) how to 
avoid recurrence of displacement due to 
their pull. 

The lower end of the humerus is a weak 
anatomic structure. This is due to its change 
in shape from the tubular shaft to the 
thinner condylar region and to the hollowcd- 
out areas occupied by the antecubital and 


olecranon fossae respectively The thin ex- 
panded condylar portion predisposes to easy 
posterior displacement of the lower frag- 
ment in supracondj lar fractures and also to 
difficulty in maintaining anatomic position 
after reduction Overcoming and maintain- 
ing correction of the all too frequently over- 
looked rotary displacement that often com- 
plicates posterior displacement is one of the 
difficulties frequently encountered The rea- 
son for immobilization in a position of acute 
flexion after reduction of these fractures is 
to utilize the action of the tensed triceps 
muscle to hold the fragments tightly pressed 
together. 

The lower articular surface of the humerus 
is tilted forward at an angle of approxi- 
mately 30® with the shaft. This is true in 
children as well as in adults This forward 
angulation should be restored as far as pos- 
sible in reducing supracondjlar fractures, 
since, theoTeticall> at least, limitation of 
elbow flexion may otherwise be the result 
This lower articular surface, composed of 
the trochlear process and capitellum, has 
the same form in children as in adults, 
although by x-ray differences exist owing 
to variation in ossification in the former 
Fig. 740 show’s anteroposterior and lateral 
x-ray pictures of “normal’' elbows and 
demonstrates the differences and progres- 
sive changes from the young child to the 
adult. Owing lo the number of epiphyses 
at the elbow and to the variation of these 
at different ages and in different individuals 
of the same age, it is always best to take 
x-ray pictures of both elbows in children m 
order to have a comparison for the injured 
side rather than to rely upon memory to 
guide one in diagnosing certain fractures or 
displacements It will help to rule out some 
suspected fractures, but, more important, 
it will allow recognition of such injuries as 
displacement of the medial epicondylac 
epiphysis into the elbow joint in some cases 
of dislocation of both bones on the humerus 
Failure to recognize such a condition is too 
pre\’alent, and is due largely lo taking 
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tra>s of the injured elbow only the dis 
placed epicondjlar epiphjsis la mistaken 
for a ':econdar\ ossification center m the 
trochlea 

In children under ten \ears of age injurj 
to an epiphN^eal plate nith or without dis 
placement (e\en with perfect anatomic 
reduction m the former) maj go on to «ihow 
disturbance m growth sometimes as late as 
four to five jears after the onginal mjurj 
Although this probability is not great (5 to 
10 per cent of cases followed o\er a period 
of manj j ears b\ clinical and j earlj x ra> 
examinations) one ne\er knows which ca«e 
maj show it Con^equentlv a n i«e surgeon 
will explain the situation to the parents of 
the child and warn them of the pos^ibilitj 
of later growth disturbance in every epi 
phjseal injuiy with or without displace 
ment In the event of sub«equent growth 
disturbance he maj thus have saved him 
«elf much unfair criticism to the effect that 
the elbow might have been all right bad 
the bones been «€t properlj Furthermore 
if growth disturbance does occur and the 
deformit> becomes marked it maj be nec 
essarj to perform operative correction This 
IS very disturbing if the parents have not 
been warned of the possibilitj 

The head of the radius and the tip of 
the coronoid proce^^s of the ulna are entirely 
intracapsular and without ‘'oft part attach 
ments Fractures of these parts with ’^pa 
ration and displacement are therefore diBi 
cult to reduce maj result in a loo'^e body 
within the joint if unreduced and if re 
duced maj end in deformitv in healing or 
fibrous union owing to the lack of blood 
supplj in the displaced fragment 

The medial epicondv le of the humerus or 
its epiphv«!s IS completelj extra-articular 
when It IS broken The flexor muscles tend 
to displace it downward and if a disloca 
tion of the radius and ulna has taken place 
on the humerus at the <iame time the pull 
of the mu des on the epicondv le or its 
epiphj^is maj cause it to curl into the joint 
through the tom capsule 
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The close proximitj of the ulnar nerve to 
this epicondv le as it passes immediatelv 
behind it leads to frequent pressure on or 
stretching of the nerve during or following 
fracture and subsequent ulnar palsy or 
paralysis This pos ibilitv should always be 
kept in mmd 

Every surgeon should be familiar with 
the normal visible and palpable bony land 
marks at the elbow Of these the most use 
ful IS the bony triangle (roughly isoaceles) 
formed by the two epicondjles of the 
humerus as a base and the tip of the 
olecranon as the apex when the elbow is 
held at 90® ^\lth the elbow held in 180® 
extension these three landmarks are in the 
same straight line Deviations from the«e 
normals are a guide in the diagnosis of 
specific deformity after fracture or disloca 
tion but cannot be relied upon completely 
for ilecision as to the proper form of treat 
ment for the indiv idual lesion Good antero 
posterior and lateral x rays of the injured 
elbow (and in children both elbows) are 
imperativ e 

In diacondylar Y or T fractures or in 
fracture of a single condyle there may be a 
forward tilting of the outer condvlar frag 
ment which if allowed to remain will 
change the axis of the capitellum as com 
pared to the trochlea in their relation to the 
shaft of the humerus This change in axis 
of one condyle as compared with the other 
mav interfere with perfect and full hinge 
motion of the forearm bones on the humerus 
and should therefore be corrected One must 
attempt to make the axes of the condvles 
coincide in treating this tvpe of injury 

A fracture running into the joint even if 
undisplaced (the capsule being intact) re 
suits in a hemarlhrosis If the bleeding is 
marked in amount the jo nt capsule be 
comes distended and verv painful and mo 
tion may become greatlv limited bv pain 
withm a very few hours \spiration of the 
elbow joint in such cases and under proper 
precautions will give almost complete relief 
from pam and restoration of motion range 
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If the joint has been disrupted and the 
ligaments torn by either a dislocation or a 
displaced fracture, there is of course no 
closed cavity left, and no tense hemarthrosis 
can occur since the blood leaks out into the 
surrounding soft tissues 

With fracture or dislocation the damage 
done is unfortunately not confined to the 
bones or the joint. The surrounding soft 
parts often suffer far more serious immedi- 
ate injury as well as subsequent inflamma- 
tory reaction due to hemorrhage, cellular 
infiltration, etc. In any elbow dislocation 
the collateral ligaments of the joint are al- 
ways torn to a certain extent. The anterior 
and posterior ligamentous capsule may be 
torn as well. In addition, displacements 
may be accompanied by tearing or lacera- 
tion of the brachialis anticus muscle or 
partial avulsion of the flexor group of mus- 
cles from the medial epicondyle. Ulnar- 
nerve injury as described above may be 
present. 

In any fractures through the lower ex- 
tremity of the humerus we may see similar 
damage to these muscles when the frag- 
ments are badly displaced. In some supra- 
condylar fractures the lower end of the 
upper fragment of the humerus is forced 
not only through the brachialis anticus 
muscle, but through its overlying fascia, 
and its sharp edge becomes caught in (he 
under surface of the skin Early ecchymosis 
(within an hour or two) just above the 
antecubital fossa is an indication that this 
has happened Still further, this bone may 
actually be compounded through the skin 
and become badly contaminated with dirt 
or bits of clothing. With wide displacement, 
much may happen to such structures as the 
brachial artery and veins and the radial, 
median, and ulnar nerves. 

In such injuries to the joint capsule and 
muscles, much hemorrhage occurs and the 
muscles and ligaments become infiltrated 
with blood. This in turn sets up an in- 
flammatory reaction characterized by cellu- 
lar infiltration and edema, and the swelling 


often becomes so great that the venous and 
lymphatic circulation are seriously im- 
peded. If there is marked hemorrhage be- 
neath and around the brachialis anticus 
muscle, the brachial artery may be com- 
pressed sufficiently to stop or diminish the 
radial pulse This condition if left untreated 
may very well give rise to Volkmann’s 
ischemic paralysis and contracture Barring 
for the moment any such major catastro- 
phes, even the lesser degrees of soft-part 
damage may lead to thickening of the liga- 
ments or muscles by the organization of 
hemorrhage and exudation, with subsequent 
fibrous-tissue and even bone formation in 
their substance (myositis ossificans). This, 
if permanent, decreases their pliability and 
elasticity and causes contractures, and mo- 
tion in the joint may be greatly limited or 
completely abolished. To prevent and to 
minimize these pathologic changes is there- 
fore a particularly important part of the 
problem in the treatment of elbow injuries 
Injury to the large vessels, such as the 
brachial artery and veins, can be caused by 
the original displacement of the bony frag- 
ments, by motion at the fracture site dur- 
ing transportation of the patient to the 
hospital if proper protective emergency 
splinting is not used, by rough or overhasty 
manipulative reduction, or their circulation 
obstructed by immobilization in the acutely 
flexed position without first obtaining re- 
duction, and by the use of tight circular 
plaster *of-paris casings or other splints held 
by constricting bandages. The lymphatic 
drainage of the part is fully as important 
as the venous circulation and is hindered 
by the same mechanism. Important in im- 
proving any form of circulatory embarrass- 
ment are: (1) Accurate and early anatomic 
reduction of the fracture done gently under 
anesthesia, (2) moderate elevation of the 
injured part, (3) constant low heat, (4) very 
gentle sedative massage in adults, but ttol 
in children, (5) early active motion within 
pain limits where possible, and (6) the 
avoidance of encircling plaster cases and 
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constricting bandages It is unui'ie to wait 
until the swelling has subsided before at 
tempting reduction By the time this has 
occurred (and it mav take from a week to 
ten da>s), organization of the mflammatorj 
exudate has been establi'shed, rendering the 
surrounding soft parts indurated and in- 
elastic and making it difficult if not impos 
sible to accomplish a successful reduction 
A se\ ere elbow fracture is a real emergencj > 
much more so than acute appendicitis, and 
no time should be lost in bringing about re 
duction as quickij as possible 

If there is marked swelling of the in- 
jured elbow or impairment in \olume or 
loss of the radial puLe at the wrist as com- 
pared with the uninjured arm, this is cau«e 
for real concern, and e\ er> justifiable means 
should be employed to correct the dis- 
crepanc} m the pul«e immediately in order 
to pre\ent Volkmann’s i«chemia This xnll 
be discussed under the treatment of supra 
condjiar fractures 

The ulnar, median, and posterior in- 
terosseus ner\es also should be imestigated 
for signs of damage before anj treatment is 
instituted in serious elbow injuries or dis 
locations Numbness, h\pesthesia, pain, or 
hjperesthe&ia should be sought for oxer the 
Sensory distribution of each of the<e nerxes 
m the hand and fingers first b\ questioning 
the patient, and second bx testing out 'ensa 
lion to pinprick in the sexeral distributions 
compared with the opposite hand (Fig 741) 
Motor function of each ncrxe should al-o be 
tested and compared xxith the oppo-ite hand 
as to completeness and strength ith the 
ulnar nerxe this is best done bx letting 
abduction and adduction of the fingers 
(interO'Sci muscles), the median nerxe is 
best te-ted b> comparing flexion of the 
thumb, index, and middle finger and op 
ponens action of the thumb, the posterior 
intero««eoUb nerxe is be^t te«led bj haxing 
the patient attempt to fullx extend the fin 
gers at the metacarpophalangeal joints 
Extension of the middle and distal intcr- 
pliilaii^tal joints is accomplished b> the 


action of the ulnar-nerxe mnerxated lumbri- 
cal mu'cles Nerxe impairment must be 
taken mto account, since it is extrcmelj 
important to recognize such a lesion before 
embarking on a form of treatment that ma> 
later haxe to be changed nhen it is dis 
coxered that nerxe damage is present 
There is a tremendous difference in the 
effect of prolonged immobilization on the 
tissues of children and adults The former 
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Fig 741 Distribution of skin sensation 
m band and fingers according to median, 
ulnar, and radial nerxes 

show a remarkable tendenc> to complete 
recoxery of joint motion after prolonged 
immobilization In adults this is unfortu- 
natel> not so \ xxeek or two extra of splint 
nearing xvill not harm a child, but the same 
extra period in an adult maj make the dif- 
ference betneen complete joint function 
and limited function 

The diagnosis of sprain in a child s elbow 
should be made onlx xxith mental reserxa 
tions A true sprain in a child s elbow is a 
rantj The majontj of so-called sprains, 
xxhen good x rax films fail to shon a frac 
lure, are in realitj injuries to one or more 
of the epiphxseal cartilages Careful clinical 
examination xxill u'uallx make this exident 
In anj exent, it is wi'e to assume that the 
injurx Is epiphxseal and not ligamentous, 
since the former injurx calls for immobiliza- 
tion in splints to gixe adequate protection 
against further damage xxhich might result 
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in subsequent growth disturbance. If, after 
four or five days, tenderness to pressure 
localized over the epiphyseal cartilage luis 
disappeared, it is safe to call the lesion a 
sprain and to remove the splint. However, 
should this tenderness persist for ten days 
to two weeks it is fair to assume that more 
than a sprain has occurred and the splints 
must be kept on for safety until this local- 
ized tenderness has disappeared. If epiph- 
yseal trauma is passed off lightly as a sprain 
because of negative x-rays, and subsequent 
growth disturbance occurs, the situation be- 
comes quite embarrassing. 

FIRST-AID TREATMENT IN 
ELBOW INJURIES 
Whether the injury be a dislocation, a 
simple fracture, or a compound fracture, 
the primary purpose of immediate first-aid 
treatment is to prevent or minimize addi- 
tional damage to the affected elbow while 
the patient is being transported and until he 
has received x-ray examination and is ready 
for definitive treatment. 

Application of either sling or protective 
splint should be done without moving the 
patient’s arm or elbow any more than abso- 
lutely necessary. Having the patient lean 
forward or to one side will allow the arm 
to swing far enough away from the body to 
permit application of a splint and bandage 
with minimal trauma. If the patient is un- 
able to sit or stand, slight traction down- 
ward on the forearm will steady the injured 
elbow while the emergency splint is band- 
aged in place. [The Murray-Jones arm 
splint with fixed traction is the most desir- 
able form of emergency splinting If this, 
or its improvised equivalent, cannot be 
used, straight board splints or their equiva- 
lents should extend from the axilla to 
beyond the fingers. Both the splints and the 
extremity should be well padded. The ap- 
plication should be made while firm trac- 
tion is being exercised, and tight bandaging 
should be avoided. See Chapter 22. — Ed 1 
A complete and detailed diagnosis is not 


essentia! at this stage and frequently can- 
not be made without x-ray examination 
Should the surgeon be able to examine the 
patient within five to ten minutes after the 
injury and should he find no fracture but 
an obvious simple dislocation at the elbow, 
he may be able to reduce it on the spot with 
ease by simple traction without anesthesia. 
Local tissue shock renders the part anes- 
thetic for from IS to 30 minutes until swell- 
ing and muscle spasm begin to set in Con- 
sequently, athletic injuries can often be re- 
duced immediately on the field by the team 
doctor with less trauma than would be 
necessary after faking the patient to a hos- 
pital. Such immediate reduction, however, 
should not rule out the advisability of sub- 
sequent x-ray examination If such reduc- 
tion is done, it should be adequately pro- 
tected and the patient transported for x-ray 
examination, and given further treatment 
as indicated Obvious fractures should be 
splinted for transportation and no attempt 
made to reduce them until x-ray examina- 
tion has been obtained 
Should there be any question of a com- 
pound fracture (and this should be sus- 
pected if there is any bleeding at all from 
the region of the injured elbow) the skin 
wound should be immediately covered with 
a sterile dressing, the elbow protected by 
emergency splinting, and the patient trans- 
ported to a hospital without delay. Skin 
wounds communicating with an elbow frac- 
ture are particularly serious, and no cleans- 
ing or debridement should be done except 
in an operating room under strict aseptic 
precautions. It should not be done ht the 
site of injury or in a doctor’s office. A few 
hours’ delay in treating a compound frac- 
ture properly may result in serious infec- 
tion with subsequent loss of elbow function 
or even amputation to save the patient’s 
life. 

Hemorrhage from a compound fracture, 
if of major proportions, should call for 
immediate application of a tourniquet. A 
word of caution is here in order. Any tour- 



Fig 742 Anteroposterior and lateral x raj 
\ie\%s illustrating different tj’pes of supra 
condjlar fractures of humerus and different 
degrees of di«placement (A) no di place 
nient (B) loss of normal \oIar lilt of lower 
eMremitj of humerus (C) moderate posterior 
and medial di'placement of di tal fragment 
but ^honing no rotation of distal fragment on 
proximal one (D) marked posteromedial dis 
placement and rotation of distal fragment on 
proximal (E) %ery marked posterior and 
medial di placement plus comminution (This 
patient showed posterior mteros'eous ner\e 
na! \ when examined ten minutes after in 
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niquet applied to the upper arm should be 
applied over circumferential padding (pref- 
erably one inch in thickness) in order not 
to cause damage to the underlying vessels 
and nerve trunks, one hour is the maximum 


PATHOLOGIC ANATOMY OF IMPORT 
IN TREATMENT 

Displacement in supracondylar fractures 
begins with any loss of the normal forward 
tilt of the lower fragment iVhen there is 



Fig 743 Lateral x-ray views illustrating rotation oi lower humeral 
fragment upon proximal following closed reduction of a supracondylar 
fracture and immobilization m posterior molded plaster splint (.UJt). 
(Note so-called “fishtail” appearance of lower end of proximal frag- 
ment, which means that view of proximal fragment is more of an 
anteroposterior one than lateral.) 

{Right) Same case with rotation corrected after overhead skeletal 
traction and suspension by Kirschner wire through upper ulna. 


time that such an improvised tourniquet 
may be safely kept in place, it must be 
tight enough to obliterate the arterial pulse 
below it. [See Chapter 22 for discussion of 
use of tourniquet. — Ed.] 

TREATMENT OF SPECIFIC 
FRACTURES 

Supracondylar Fractures of 
Humerus in Children 
This is the commonest fracture seen in 
the region of the elbow in children and may 
be the most serious. Fig. 742 shows the 
various types of displacement in this frac- 
ture. 


complete disengagement, there is very 
likely to be some displacement of the lower 
fragment laterally and, less often, medially. 

Very rarely the distal fragment is dis- 
placed anteriorly rather than posteriorly. 
[While this is exceptional, it has consider- 
able significance. Soft-part damage to an- 
terior cajKule and brachialis anticus is nil 
or minimal in these cases, and the brachial 
vessels and median nerve are not com- 
pressed or distorted over the lower end of 
the upper fragment. Therefore myositis 
ossificans, Volkmann’s ischemia, and capsu- 
lar contractures are not to be feared in this 
type of displacement —Ed ] 

Rotary displacement also occurs in most 
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instances the distal fragment being rotated 
internally on the proximal Consequently 
its correction is often not accomplished by 
the reduction It should be corrected or 
deformit> may result If present it is usu 
all> quite easy to recognize on good lateral 
films The lower humeral fragment and 
elbow joint will appear in true lateral pro 
jection on the film while the lower end of 
the shaft of the humerus appears almost or 
quite in anteroposterior projection This 
giv s the so called fishtail appearance to 
the lower end of the upper fragment and 
means rotation of one fragment on the other 
(Fig 743) Post reduction lateral films will 
of course tell whether or not rotation has 
been corrected Persistent rotar> displace 
ment may lead to loss of the normal carrj 
ing angle or to a reverse carr>tng angle 
(cubitus varus) the so called gunstock 
deformity 

The brachial arterj (and its accompan> 
ing veins) and the median nerve being deep 
to the fascia o\erl>ing the forearm and 
lower biceps mu«cle is pulled backward 
with a markedlj d«placed lower humeral 
fragment angulating sharpl> over the lower 
edge of the upper fragment It ma) be 
actuall> kmked on itself This relationship 
must be remembered when reduction is at 
tempted and is one of the reasons wh> re 
duction should not be delaved merelj be 
cau«e of soft part swelling 

Among the «oft tissue structures com 
monlj injured in a displaced supracondylar 
fracture is the brachialis anticus mu'cJe It 
ma> be extensivelj lacerated with marked 
infiltration b> exlravasated blood The 
hemorrhage if extensive and if confined 
beneath the deep fascia maj actuall> shut 
off the return v enous circulation and ‘lubse 
quentlj the arterial arculation particularlv 
with acute flexion of the elbow (Jones 
po ition) and bring about the dreaded 
complication of \olkmanns ischemic pa 
ral\«ti with contracture of the forearm and 
hand 

[WTiile this is theoretically so it is aclu 


ally not the effective factor in the vast 
majority of cases of \ olkmann s contrac 
ture The common factor toward which 
treatment must be directed is the backward 
angulation and stretching of the brachial 
vessels over the lower end of the proximal 
fragment with resultant obliteration of 
their lumens bv direct compression and m 
tense vascular spasm It is this potential 
threat which makes the prompt reduction 
of bony deformity so important —Ed ] 

It IS of paramount importance ne er Co 
use the Jones position of supination and 
acute flexion of the elbow with the idea of 
reducing a badly displaced supracondjlar 
fracture Doing so maj mcrea«e the kink in 
the brachial arter> or cau«e it to be caught 
between the fragments and irreparablj 
damaged The Jones position should be 
used only for maintenance oj the reduction 
after t( has been ejected and then onl> to 
a degree that does not impede the arterial 
circulation as tested by comparing the 
volume and force of the radial pulse with 
that of the uninjured arm No one should 
reduce a supracondjlar fracture without 
first testing out the sensory and motor func 
(ion of the median ulnar and posterior 
interosseous nerves 

TREATMENT OF SUPRACONDVLAR 
(transcontjvear or DIACONDVLAR) 
FR.VCTURES 

The best wa> to overcome or relieve cir 
culalorj embarrassment is to bring about 
reduction of the fracture This reduction 
should be earned out as soon as possible 
and not dehjed until after the swelling 
bad gone down 

Reduction \\Tien there is no displace 
mentor onlj a slight loss (10 to 15*) of the 
normal forward angulation of the lower end 
of the humerus as «een on lateral x raj view 
no reduction is necessarv It is best how 
ever to parliallj flex the elbow to 50 or 60“ 
if swelling and pain do not prevent and to 
immobilize it in a posterior molded splint 
and sling If swelling and pain do not per 
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mit this amount of flexion, it may be neces- 
sary to immobilize it in less flexion— ie., at 
70 to 80“. Two or three days later, if swell- 
ing has diminished, flexion may be in- 
creased. 

Immobilization. A posterior molded 
splint is the most satisfactory one for im- 
mobilization of these fractures The acute 
flexion of the elbow maintains the reduc- 
tion. The advantage and safety of the 
molded splint as compared with circular 


DISLOCATIONS 

plaster. The remainder take a plaster three 
inches in width, unless they happen to be 
extremely large or obese adults. 

In preparing the plaster splint so that no 
rough or sharp edges will dig or rub the 
skin after hardening it is advisable to use 
a strip of Canton flannel approximatelj 
one inch wider and longer than the expected 
size of the finished splint. This is laid on a 
board fuzzy surface down and the rubbed 
wet plaster splint laid on top of it. The 



Fig. 744. {Left) A posterior molded plasler-of-paris splint bandaged in 
place. (This splint should extend more distally than is shown in photograph, 
i e , to metacarpophalangeal joints, in order to support hand and thus pre- 
vent a pressure area at ulnar head or base of hand ) 

Fig. 745. {Right) &nie splint as in Fig. 744, but illustrating method of 
applying a figure-of-eight bandage to maintain desired amount of flexion in 
splint and yet avoid any constriction in front of elbow. 


plaster casings lie in the ease with which it, 
or a portion of the bandage holding it, can 
be removed to allow inspection of the in- 
jured elbow and treatment of swelling or 
bleb formation. To be effective it must ex- 
tend from just below the posterior axillary 
fold to just proximal to the metacarpal 
heads. If it extends only to the wrist, the 
ulnar head or weight of the hand rubbing 
on the distal edge may cause discomfort 
and a pressure sore (Fig. 744) or pronation 
of the forearm can take place. Patients up 
to the age of five or six years, unless very 
obese, usually take a two-inch width of 


overlapping margins and ends of the flan- 
nel are then brought over the edge of the 
plaster and rubbed enough to make them 
stick. The wet splint is then bandaged to 
the arm firmly and evenly while the part is 
held in the reduced position by an assistant. 
The position should be maintained until the 
plaster has “set.” Care should be used to 
avoid the formation of sharp ridges or folds 
in the plaster, which may cause pressure 
areas. When the plaster has hardened, the 
original bandage should be cut down and 
replaced by a fresh bandage. Failure to do 
this may result in the original bandage later 
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cutting into the skin since its dampness 
makes it apt to shrink 
In rebandaging the splint it is ad\n«able 
to a^Old the antecubital area If the cplint 
i3 bandaged first to the brachial region then 
to the forearm it vrill not readilj slip In 
order to maintain flexion and to preient the 
cplint from cracking and hinging at the 
elbow a figure of eight is made acro'^s 
the front of the elbov. but not in contact 
with the antecubital surface This figure 
of eight la best made after the plaster 
splint IS hard otherisise the gauze Tna> 
form ridges in the soft plaster (Fig 74o) 
If the patient is ambulatorj he •should 
be fitted uith a muslin sling m order to sup 
port the n eight of the splinted extremit> 
This will not onij afford him additional 
protection but al o mil add greatly to bis 
comfort During the lime the «phnl is worn 
exercise of the fingers and of the shoulder 
should be encouraged \ slmg will allon 
him to exercise the elbow in flexion after 
the splint has be®n discarded WTien he is 
doing this well it will be safe to allow him 
to take the arm out of the slmg half a 
dozen limes a day for the practice of ex 
tension exercises The splint should be worn 
for from three to four weeks and the slmg 
for an additional two weeks 
A neck halter ma\ be used m place of the 
slmg but this does not allow as much free 
dora for exera e as does the slmg 

Should the patient be suffering consider 
able pam with marked limitation of joint 
motion he should be examined for possible 
hemarthrosis recognized by the finding of 
a distinct tender bulge in the triangle 
formed by the head of the radius the lateral 
epicondyle of the humerus and the tip of 
the olecranon The^e three landmarks are 
readily palpated If it is felt that hemar 
thro'is IS tense enough to be causing most 
of the pain a piration of the elbow joint 
should be earned out 
Technic of Aspiration of Elbow Joint 
The elbow region thorou^hh cleaned with 
green «oap and water and alcohol and then 


painted with per cent iodine ■jolution 
It Is draped with sterile towels and rested 
on a small pillow b\ the patient s side A 
point equidistant from the radial head the 
lateral epicondvle and the tip of the ole 
cranon is cho en for the site of aspiration 
(Fig /46) A hipodermic 'ikm wheal is 
made at this point with 1 per cent no\o 
came With a No 11 Bard Parker blade a 
one eighth inch incision is made through 
skin onU in the center of this wheal A 
small intraienous needle (No 20) is then 
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Fic 746 Proper sile for mlroduction 
of needle when aspirating a hemar 
thros of elbow joint 

u'^ed to infiltrate the deeper tissues down 
to the joint capsule with noiocame 'olution 
The purpose of the inci ion and of u'lng a 
separate needle for infiltration of the deeper 
tissue is to minimize the chance of carrying 
skin organisms into the joint which might 
re ult from pushing a large bore needle 
through the skm 

When the noiocaine infiltration is com 
pleted a somewhit larger needle (No 17 
or 18) on a '^yxinge is inserted into the joint 
care being taken to keep the a-xis of the 
needle as nearls perpendicular to the ^km 
surface as po^ ible This allows the point 
of the needle to enter the distended joint 



S82 


FRACTURES AND DISLOCATIONS 


capsule between the capitellum, radial head, 
and sigmoid fossa of the ulna. As soon as 
the needle enters the joint cavity, blood 
may be seen to gush into the barrel of the 
syringe If the hemarthrosis is quite tense, 
the pressure may even force the plunger of 
the syringe outward Anywhere from S to 
20 cc. of blood may thus be removed, par- 
ticularly if the supracondylar region is com- 
pressed anteroposteriorly during aspiration. 


molded splint and sling. This is best done 
under an anesthetic. 

When there is a backward tilt to the 
lower fragment, or greater displacement, an 
anesthetic (usually general) is necessary 
in order to accomplish reduction This is 
carried out by downward traction on the 
partially flexed and supinated forearm 
against counter-traction in the opposite 
direction on the upper humerus. If over- 



Fio. 747. {Lejt) Technic of manual reduction for a displaced supracondylar fracture of 
elbow while traction and counter-traction are maintained. 

Fig. 748. {Right) Action of triceps tendon acting as a direct splint on lower fragment of 
humerus following reduction of a supracondylar fracture and flexion of elbow. 


The needle is then withdrawn and the as- 
piration site covered with a sterile dressing. 

Very often pain will completely disappear 
after aspiration and active motion range 
will be greatly increased. It is then much 
easier to immobilize the fracture in a posi- 
tion of more acute flexion. 

^Vhen the axis of the lower fragment is in 
line with the axis of the shaft of the hu- 
merus, its forward inclination being largely 
lost, but there is no actual posterior or 
rotary displacement, reduction is best ac- 
complished by flexing the elbow slowly but 
forcibly and immobilizing it in a posterior 


riding of the fragments has been present, 
traction and counter-traction will overcome 
this with the muscles relaxed by flexion 
under anesthesia The next Step is to over- 
come any lateral displacement or rotation 
of the fragments, which can be done by 
thumb pressure in the indicated direction 
on the lower fragment while traction is 
continued, care being taken to line up the 
axis of the forearm on the humerus as com- 
pared to the normal side. 

Next, the lower fragment must be well 
engaged and made to lock itself on the lower 
end of the upper fragment. This can now 
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usually be accomplished bj forward trac 
tion on the forearm accompanied by thumb 
pressure in a forward direction on the distal 
fragment nhile at the same time applying 
a backward (posterior) pressure on the 
lower anterior shaft of the humerus (Fig 
747} Should the two fragments not engage 
with this procedure it may be necessao 
first to h\pere-rtend the distal fragment by 
h>perexten'=iion of the elbow coincident with 
constant downw ard traction on the forearm 
Thumb pressure forward on the distal frag 
ment during this h 3 perextension may facih 
tate engagement 

Once the fragments are engaged com 
pletely then the elbow la flexed to maintain 
the reduction hut not bejore Flexion of the 
elbow after reduction causes the tensed 
triceps tendon to act as a posterior «plint 
which pretents backward shppmg of the 
lower fragment (Fig 748) This arm is then 
immobilized in a posterior molded splint as 
described abote care being taken not to 
impair the radial pulse either bj loo acute 
flexion or b> an> constricting bandage It is 
also important to rebandage these posterior 
molded splints once thej hate hardened 
and in doing so to avoid an) constricting 
portions of bandage m the antecubiial fossa 

The correction of rotarj displacement 
should be checked clinicallv before anj 
splint IS applied This is best done during 
acute flexion of the elbow If the lower 
humeral fragment is internall} rotated on 
the upper the forearm will delate to the 
medial ^ide of the humerus if extemall> 
rotated the forearm wall deviate to the 
lateral side of the humerus After applica 
lion of the splint the position of the frag 
meats should be checked bj post reduction 
films If rotarv displacement is found lo 
persist or to have recurred a «econd re 
duclion should be attempted 

Following supracondjlar fractures mo»t 
elbows even if reduced earl>, ma> con 
tinue to swell for the first 24 hours due lo 
hemorrhage and exudation \n\ constncUon 
will obstruct the venoua and banphatic 


return circulation increasing swelling and 
edema This maj lead to pain and to blister 
formation which maj greatlj complicate 
the program of treatment It is a wise rule 
to admit to the hospital for overnight or 
longer anj child with a supracondvlar frac 
ture where marked swelling la present or 
where it has been necessarj to perform a 
difticult reduction and to keep the elbow 
and for^rm well elevated The radial pube 
and the temperature color sensation and 
motion of the fingers can be checked fre 
quentl> Anj change? m these should be 
Mewed with alarm and proper measures 
‘should be instituted immediatelj The«e 
consist of (I) Higher elevation (by sus 
pension if necessarj) to bring the elbow on 
a higher horizontal plane than the axilla 
and the hand higher than the elbow in order 
to improve gravitj drainage of the veins 
and Ijmphatics (2) elimination of any con 
stnetmg loops of bandage which mav have 
become light owing to increased swelling 
beneath them (3) lessening of the amount 
of acute flexion (4) constant low heat (a) 
skeletal traction and suspension with the 
Kirschner wire through the olecranon (see 
below) and as a last re&ort (6) operative 
slitting of the deep fa'^cia to decompress the 
anterior forearm compartment (This latter 
procedure is practicallj never nece-ssarj if 
the Kirschner wire suspension method de 
senbed below is instituted when the more 
conservative measures outlined above fail 
to prompllv relieve diminution in the radial 
puhe pallor coldness and numbness m the 
fingers or loss of volunlarj finger motion 

Ho pital admission after reduction is not 
alwavs feasible Mhen this is the case it is 
wi e to instruct the parents to watch for 
these sjmptoms md to report their appear 
ance promptlj Manj a \olkmanns pa 
raljsis could have been avoided bj such 
simple precautions —Ed ] 

cenn FORMATION PREVXNTION AND 
TREATMENT 

WTien bleb formation occurs in the ante 
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cubital fossa, it is an indication that the 
skin circulation has become partially im- 
paired either by increased swelling or by a 
portion of the bandage causing constriction. 
Should blebs be found, immediate treatment 
must be instituted to prevent their increase 
and also to protect them from infection Cut 
away any constricting layers of bandage, 
decrease the amount of acute flexion at the 
elbow sufficiently to release pressure on the 
skin in this area , cleanse the affected skin 
gently but thoroughly with alcohol, dry 
carefully, and powder with a mild antiseptic 
such as stearate of zinc or powdered boric 
acid , apply a well-pow’dered single or 
double layer of plain sterile gauze in the 
antecubital fossa to prevent maceration of 
the apposed surfaces of skin of the forearm 
and arm. If the blebs are very large, it is 
wise to empty them by aspiration under 
aseptic precautions and cover them with 
sterile dressings. Prevention of bleb forma- 
tion is important and Is best accomplished 
by permitting no constriction by bandage. 
To prevent maceration of the apposed skin 
from perspiration keep the skin cleaned and 
powdered as described above even though 
no blebs are present. 

Mention is made of the use of circular 
adhesive strapping or of circular plaster 
casing for immobilizing elbows following 
reduction of supracondylar fractures only 
to be condemned. These two methods of 
immobilization have led to many cases 
of Volkmann’s ischemia and contracture. It 
is impossible for anyone to observe the 
degree of swelling at the elbow beneath a 
circular plaster casing extending from the 
upper arm to the WTist or hand Any excess 
swelling is prevented from expanding by 
such a casing and causes a vicious circle 
by collapsing and eventually completely 
obstructing the return venous circulation 
In the author’s opinion there is no excuse 
whatsoever for the use of a circular plaster- 
of-paris casing in immobilizing a reduced 
supracondylar fracture of the elbow. If it is 
impossible to maintain reduction by hold- 


ing the elbow in flexion with a posterior 
molded p!aster-of-pans splint, then some 
method such as overhead traction by means 
of a Kirschner wire through the olecranon 
should be used 

SKELETAL TRACTION 

There is a small group (10 to 15 per 
cent) of supracondylar fractures that are 
particularly serious In these cases it is not 
only possible to effect and maintain a re- 
duction by overhead traction through a 
Kirschner wire inserted through the olec- 
ranon, but the method offers one of the 
safest means of so doing and minimizes or 
eliminates the risk of V’olkmann’s ischemia. 
There are four types of cases in which 
the author believes this method to be defi- 
nitely indicated • (1) Where it is impossible 
to obtain reduction by any conservative 
means, (2) where it is possible to obtain 
reduction, but impossible to maintain the 
position of the fragments in acute flexion 
without compromising the radial pulse, (3) 
where there is extreme sw’elling, partial 
circulatory embarrassment, or an impending 
Volkmann’s ischemia, and (4) where there 
are additional fractures in the same ex- 
tremity, or the supracondylar fracture is 
compounded, or where nerve palsies are 
already present. 

The advantages and the reasons for the 
success of the Kirschner wire overhead 
traction are manifold • ( 1 ) It gives effective 
reduction by skeletal traction with body 
weight acting as counter-traction (2) It 
does not require the Jones’ position of 
supination and acute flexion to maintain 
reduction (3) It keeps the injured part 
well elevated, permitting gravity to facili- 
tate the venous and lymphatic return cir- 
culation which rapidly reduces swelling at 
the elbow. (4) It requires no constricting 
circular bandages which impede circulation. 
(5) It is practically painless, an item of 
extreme importance in children. (6) It 
allows early active elbow motion. (7) It 
keeps the patient in bed under close obser- 
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Nation during a particularly critical penod 
of treatment 

The introduction of the Ktrschner wire 
should be performed with the child under 
general ane-ilhesia and under strict aieplic 
precautions It should be inserted from the 
medial toward the lateral side m order to 
lessen the chances of injuring the ulnar 
nerve Following preparation of the shin 
with iodine and alcohol and dnping wuih 
sterile towels a tiny skm incision about 
one eighth inch long is made to a\oid 
driving the wire through the skin in order 
to minimize introduction of skin organisms 
into the deeper tissues The wire is then 
placed inside a large bore needle (No 14) 
used as a cannula to push the soft parts 
awaj from the site of introduction into the 
bone This site should be at least one inch 
distal to the tip of the olecranon in order 
to avoid injuring the epiph>«eal cartilage 
The Rirschner wire is then drilled through 
the bone and the skm on the lateral side 
incised when the point of the wire presents 
After sealing oft the skin wounds with 
sterile cotton or gauze dressings applying 
and tightening the >oke the arm is then 
suspended as in Fig 749 Swathe A is u<ed 
to suspend the forearm swathe B ma> be 
used if backward pressure is required on 
the proximal fragment of the humerus but 
IS not alwa> s nece'^sarj \ppToximatel> six 
to eight pounds traction is required on the 
Kirschner wire If it is necessarj to correct 
rotation of the distal fragment of the 
humerus this can be done bv changing the 
axis of the sling supporting the forearm 
in Its horizontal plane If after 24 hours 
or less X ra> or fluoro'^copic check shows 
the length to have been regained but pos 
tenor or lateral displacement of the distal 
fragment to have persisted this maj be 
corrected easd> bv manipulation under a 
few whiffs of nitrous-oxule anesthesia Once 
salisfactorj position is obtained the trac 
tion weight rmv be reduced to approxi 
matelv five pounds or le s if suffcient to 
nnintam the reduction The traction is left 


on for from 10 to 14 dajs (depending upon 
the amount of visible callus shown on x rav 
films) Once callus is sufficient the traction 
and vnre ma> be removed (b> this time 
swelling at the elbow has disappeared) and 
the elbow mav be immobilized in flexion bj 
a posterior molded plaster-of pans splint 

TIME OF IMMOBILIZATION 

This depends upon the amount of the 
original displacement In tho'^e with little 



Fig 749 Method of emplo>ing over 
head skeletal traction and su«pens on by 
means of K.ii'jchner wire through ulna 
m badly d placed or compi cated supra 
condylar fractures of humerus (A) 
Snathe to support forearm (B) Swathe 
with traction appi ed to shaft of hu 
merus if an add tional posterior pull is 
required on this upper fragment 

or no di placement a 'plint for from 10 to 
14 dajs followed bj a «lmg for another 
week IS usuallv sufiicient MTiere there has 
been considerable displacement ong nallj 
the *.pUnt should be kept on approximateU 
three weeks Mhere di'phccment has been 
marked and ■'ofi tissue damT''e consider 
able four weeks splinting is advisable 
Splinting for longer thin thi< lime i un 
wise 
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AFTER-TREATMENT 

All patients should be seen daily or 
oftener if necessary during the first week 
after injury with a view to rebandaging the 
splint or lessening flexion, should swelling 
persist or increase. If the patient is not in 
the hospital, the parents must be advised 
specifically to notify the surg»*on if severe 
pain, such as to prevent sleep, persists, or 
if the fingers feel cold or appear pale or 
cyanotic. Under no circumstances should a 
narcotic be given for pain unless the sur- 
geon is certain that there is no threat of 
Volkmann’s ischemia. In case of doubt, it 
may be advisable to admit the patient to a 
hospital for closer observation, consultation, 
or more radical treatment. 

Active finger and thumb and shoulder 
exercises should be encouraged from the 
start. The surgeon must take the time to 
actually demonstrate to the child and to its 
parents exactly how to close and open the 
fist, to abduct and adduct the fingers, and 
to appose the fingertips. These exercises 
should be carried out half a dozen times 
each at hourly intervals until the child no 
longer has any difficulty in moving the 
fingers freely. 

Active elbow motion, under the direct 
guidance and encouragement of the surgeon, 
may be started at the end of a week in most 
cases, and even earlier in the less severe 
ones. It is necessary to sit down with the 
patient and gain his confidence and coop- 
eration Remove the bandage holding the 
splint, being careful to support the splint 
yourself, or have the patient do so, to 
prevent pain or fright by sudden slipping. 
It usually is not very difficult to get him to 
flex and extend the elbow actively through 
a small range, once he realizes you are not 
planning to hurt him. This can be gradually 
increased every two or three days When 
the splint is discarded, hot soaks three to 
four times a day, active elbow exercises in 
the sling, and mild active use are further 
encouraged. The sling rarely needs to be 


worn for more than seven to ten days after 
discarding the splint. 

No other form of physiotherapy is indi- 
cated Massage and passive motion are 
potentially harmful following elbow injuries 
in children Passive motion is too apt to set 
up a protective mechanism in the child, with 
consequent muscle spasm, pain and increase 
in local circulatory stagnation, and exuda- 
tion into the tissues about the joint “Pump- 
handle” manipulations are taboo at any 
time, and can be considered only as harm- 
ful Active use of the elbow, well within 
pain limits, is the most physiologic and the 
best method of regaining elbow function 
This may be initiated by gently resisted or 
gently guided motion, but under no cir- 
cumstances must fear or apprehension be 
aroused in the child. The child should be 
encouraged early to carry on his usual ac- 
tivities, using the arm and hand for dress- 
ing, eating, writing, playing, etc Weight- 
carrying to increase elbow extension is often 
tried, but this also makes the child con- 
scious of his injury, prolongs disability, and 
often causes protective muscle spasm such 
as may occur with passive exercise It is 
not advisable 

Should function be unduly limited at the 
end of seven or eight weeks, it is often 
helpful to tie the patient’s uninjured arm 
inside his shirt, thereby compelling him to 
use the “bad” elbow. This latter procedure 
usually works better than any amount of 
nagging on the part of the parents [This is 
much more effective than attempting to 
bandage up the good arm outside the cloth- 
ing The child then w’ill, and does, manage 
to get the good hand and arm free for use. 

If, however, when he is dressed in the morn- 
ing, the good hand and arm are included in 
a swathe applied beneath the underclothing, 
it becomes necessary for him to undress in 
order to make use of the extremity.— Ed ; 

The frequency of fibrosis or of myositis 
ossificans in the brachialis anticus and in 
the anterior joint capsule as a complication 
of supracondylar fracture in children is in- 
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creased b> an> thing Tvhich leads to the 
persistence of local circulatorj stagnation 
m these tissues Muscle spasm due to pain 
or protective muscle splinting of the part 
due to apprehension are prime factors in 
this Passive motion massage the carrjing 
of heav’y weights and undue forcing of 
active motion are all examples of mecha 
msms producing such spasm 

OPERATIV’E TREATMENT 

Open reduction tn supracondylar frac 
lures tn children should be a oided if pos 
siblc In compound frac i res it is of cours^ 
necessary (‘:ee Chapter 221 Adequate de 
bridement of the wound irrigation from the 
depths outward with normal «aline solution 
and reduction of the fracture should be fol 
lowed preferably by the Kir^^chner wire 
traction method previously described to 
facilitate dressing of the wound Soft parts 
interposed between the fragments prevent 
mg reduction and maintemnce of reduction 
by any closed method and old unreduced 
fractures are the onlv other condition^ in 
which open reduction is advi«able 

TREATMENT OF SUPRACONDV LAR FRAC 

TURES WITH ANTERIOR DISPLACEMENT 

\nierior di«iphcement of (he distil frag 
menl m a supracondv lar fracture of the 
humerus is infrequent Closed reduction is 
carried out by manual traction and counter 
traction under general anesthesia Pressure 
directed posteriorly is exerted on the distal 
fragment in order to engage this with the 
proximal fragment In order to maintain the 
reduction it mav be necessary to immobilize 
the elbow in a postenor molded planter 
«plinl not m acute flexion but m complete 
extension This is not nece sary in all cases 
however as the flexed position will hold 
the reduction perfecili in «ome and is a 
more comfortable position for the patient 
The decision as to the flexion or extension 
po«ition for immobilization must be decided 
upon clinical and fluoroscopic check up 
after reduction has been effected 


[The completely extended position should 
require considerable justification If ade 
quately reduced most of the«e ca«es tend 
to hold with the elbow flexed to a little less 
or a little more than a right angle Kirschner 
wire overhead traction as described above 
will adequately hold those which tend to 
re displace "Marked deformity does not 
embarrass the brachial vessels as is the 
case in posterior displacements The placing 
of pads in the antecubital fossa to force the 
lower fragment back is not advisable — Ed ] 

The after treatment in respect to dura 
tion of splinting the u«e of active motion 
etc is identical with that following reduc 
lion of supracondylar fractures with pos 
tenor displacement 

COMPLICATIOVS 

1 Myositis Ossificans If mvositia os 
sificans develops in the brachiahs mu&cle 
in the course of treatment and elbow 
motion IS definitely limited becau«e of this 
It may be difficult to persuade the parents 
that judicious neglect is the best form of 
treatment M staled above instituting ac 
live u«e of the part within pain limns will 
do much to decrease the tendency to ossi 
fication in the hrachialis anticus muscle It 
will also be effective in dissipating the 
ossification it^eU By the end of a > ear most 
of the patients 'showing myositis ossificans 
will have regained full motion and U'=e on 
this regime There is a tendency for the 
proce<^ once started to increase over a 
period of from -aix to nine months and then 
to regress Operation to remove the oasifca 
tion during the earlv period is very unwise 
and is usually followed by much more 
extensive ossification than existed before 
operation Thii very likely to lead to 
permanent impairment of elbow function 
If there is still considerable limitation of 
elbow flexion with myositis o sificans at the 
end of a year it mav be advisable to oper 
atively remove the bone formation with or 
without cap ulotomv to get adequate ex 
tendon [See Chapter 22 —Ed 1 
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2. Volkmann’s Ischemic Palsy and 
Contracture. This is by far the most 
serious and most dreaded complication of 
supracondylar fractures It is secondary to 
circulatory obstruction Too acute flexion at 
the elbow (Jones’ position) for immobiliza- 
tion, inadequate reduction of the fracture, 
tight bandages, splints, circular plaster 
casings or “figure-of-eight” adhesive dress- 
ings and excessive hemorrhage beneath the 
deep fascia are ali described as factors in its 
etiology. It may also follow injury to the 
nrachial artery, such as a tear from a sharp 
bone fragment or irritation of the vascular 
wall causing arterial spasm This complica- 
tion is sometimes seen when no bandages, 
splints, or acute flexion position have been 
employed. 

The resultant deformity is due to fibrosis 
of the flexor and extensor muscles in the 
forearm which in turn causes a clawhand. 
An extremity so affected is almost totally 
useless. The metacarpophalangeal joints are 
extended, the interphalangeal joints are 
flexed. The wrist may be partially flexed and 
is usually pronated On extending the wrisi 
the metacarpophalangeal joints flex and the 
Interphalangeal joints extend, on flexion of 
the wrist these finger joints move into the 
original deformity described The radial, 
ulnar, and median nerves may become sec- 
ondarily involved in Volkmann’s paralysis 
and add to the deformity and disability 
The condition, however, must be differen- 
tiated from primary nerve palsies. In addi- 
tion to the absence of a clean-cut neurolt^c 
picture in Volkmann’s, the cicatricial con- 
tracture involving the muscles and tendons 
does not yield under anesthesia, and in 
paralytic contractures due to primary nerve 
palsies it does yield 

Prophylaxis against the occurrence of 
Volkmann’s ischemia and contracture is 
really the important phase of treatment. 
Once the paralysis is complete, the course 
is irreversible and subsequent treatment is 
Durely for the purpose of lessening the 
resultant deformity and disability. An 


ischemia from any combination of the 
causes cited above may be well established 
within a very few hours 

PaoPHYLACTic Treatment 

1 Adequate anatomic reduction of frac- 
ture. 

2. Reasonable allowance for subsequent 
swelling in applying splints and band- 
ages Frequent inspection with adjust- 
ment when indicated 

3 Avoidance of such acute flexion (Jones' 
position) of elbow in maintaining re- 
duction that the radial pulse is di- 
minished in volume to even the 
slightest degree. 

4. Elevation of injured extremity. 

5. Skeletal traction and overhead suspen- 
sion by Kirschner wire in cases ex- 
hibiting diminution of radial pulse 
volume (Fig 749) 

6. Frequent careful check of volume of 
radial pulse, and of temperature and 
color of hand and fingers. Pulse must 
be brought back to full volume and 
kept so before fear of ischemia can be 
dispelled. According to Scudder, “In- 
spection of all bandages, splints, and 
forced positions of flexion must be 
made religiously and frequently ” [See 
Chapter 22 for further details ~Ed.] 

Treatment After Onset, but Before 
Paralysis Is Complete Relieve pressure 
on the brachial artery and veins: (1) By 
loosening or removing the splints or band- 
ages at the onset of secondary pain or swell- 
ing, (2) by lessening the amount of flexion 
at the elbow, (3) by operation (multiple 
incisions) to release the excessive hema- 
toma beneath the deep fascia as a last resort 
if everything else has failed 

Any additional procedures mentioned 
Under Prophylactic Treatment, above, and 
not included in the above three. 

Treatment After Paralysis Is Com- 
plete. If seen within the first two or three 
weeks the treatment should be based on the 
prevention of contractures. This is done by 
splinting the wrist and fingers in extension. 
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The cplint mu t be remo\ed three or four 
times dailj for eterci^es (active and pas 
si\e) to keep the joints from stifiening Hot 
coaks and ma sage to the flexor and exten 
«or muacles in the forearm are aLo es'^ential 
It maj be neces'^arj to carr> on with this 
treatment for six months to a j ear or longer 
Some r^loration of function ma> be ob 
tamed and less deformitv result 

If ceen after contractures are present 
and no improvement can be obtained from 
the above-de cribcd program of splinting 
soaks massage and exercises then come 
operative procedure is ncceccarj to Icscen 
the deformit) and to improve function 
Such procedures include shortening of the 
forearm bones arthrode is of the wnst and 
transplantation of the origin of the flexor 
mu'cles from the humerus to a poaition on 
the ulna m the forearm If there is sec 
ondar. nerve inv oh ement a neurolj’sis roa> 
be nece «arj [For further details cee Chap 
ter 22 Ed ] 

PROGNOSIS 

The pro>mccis of supracond>lar fractures 
Is in general good The milder forms result 
in no anatomic deformitv and regain full 
lunction and u e If the forward inclmation 
of the humeral articular surface is not ade 
quatelv restored there maj be come per 
manent lo^» of elbow flexion (a to 20® 
depending on the amount of incomplete 
resWrafion^ mth a cjnular gam in elbow 
extencion — 1 e hv-perextension bev ond ISO® 

\ slight lo^s of flexion rarelj cau es any 
handicap If flexion is limited bv 30" or 
more there will be «ome di«abilitv 

The chief residual anatomic deformitv in 
about 30 per cent of patients is <ome lo>s 
of the carrving angle at the elbow This 
often goe:j unnoticed by the patient or his 
parents and causes no dicabihtv whal o- 
ever Should the locs of the carrying angle 
be complete or chould the deformitv be of 
the reverce carrying an-’le or c<xaUed gun 
stock type It mav be quite noticeable The 
arm has an awkward appearance on certain 


motions but this rarely causes any dis 
ability It is needless to state that such 
residual deformity chould be obcerved 
vearly or oftener if nece'sary becau'e if 
the lower humeral epiphy sis has been 
injured at the time of the fracture a pro 
gre sive growth disturbance may result It 
IS only by following such ca es over a 
period of time (years) that one can tell 
whether or not the deformity is on the 
increace Should the deformity become suffi 
ciently marked particularly in a female 
It may be advisable for cocmetic reasons 
to correct it by a supracondylar wedge 
osteotomy 

Separation of Lower Efiphvsis of 
Humerus 

This diagnosis while often apparent on 
the X ray film must at times be made on the 
basis of the clinical examination alone when 
there is no visible displacement Tenderness 
corr^ponds in these biter ca e» to the 
anatomic location of the epiphyseal line If 
the lower humeral ep physis is «een to be 
displaced on the x ray film as compared 
to the uninjured elbow the diagnosis is 
obvious 

Reduction is carried out under general 
anesthesia and the epiphv seal fragment is 
pushed fonvard by thumb pressure followed 
by flexion of the elbow The elbow should 
then be immobilized as in supracondylar 
fcscttices the diagnoses /a a dinica] one 
without X rav evidence of displacement the 
patient mav have just as much pain swell 
mg and disability a^ the ca«e with displace 
ment There is often an a. oaaied hemar 
thro la of the elbow joint owing to the fact 
that the lower humeral epiphvsia is purely 
intra articular This if marked mav cau e 
the greater proportion of the patient s 
svmptom Vspiration of the elbow joint 
under stnet a eptic precautions will give 
remarkable relief of pain (‘'ee p SSI ) 
The elbow la then imraobihred as above 
If the epiphyseal plate has been disturbed 
localized lendeme<s along the epiphyseal 
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line persists for at least ten days or two 
weeks. 

SPRAIN or ELBOW IN CHILDREN 

A sprain of a child’s elbow joint is an 
exceedingly rare condition, as stated under 
General Considerations. The majority of 
so-called “sprains” are in reality epiph 3 iseal 
traumata Follow-up examinations and x-ray 
films after such injury often show growth 
disturbances in the lower end of the 
humerus, even though there had been no 
demonstrable displacement of this epiphysis 
at the time of the original injury, and often 
none apparent for two to three years after 
injury. Consequently, one should advise the 
patient’s parents that growth disturbance 
may occur in these cases and recommend 
periodic check on this score. Otherwise 
cause for criticism may exist if and when 
growth disturbance does occur, and, in addi- 
tion, undue deformity may develop before 
corrective measures are instituted. 

The period of immobilization in these 
epiphyseal separations with or without 
actual displacement should be from 10 to 
14 days. The treatment otherwise is the 
same as for supracondylar fractures. Failure 
to treat these injuries as fractures by plaster 
splint immobilization — handling them, in- 
stead, as sprains by sling only— may in- 
crease the chances of subsequent growth 
disturbance due to the added trauma during 
the acute phase of the epiphyseal disturb- 
ance If the injury has been purely a sprain, 
the tenderness will disappear in from four 
to five days, and the splint may then be 
removed and a sling continued for another 
week if necessary. [See Chapter 22 for a 
discussion of epiphyseal traumata in gen- 
eral.— Ed.] 

Diacondylar “Y” Fracture of Lower 
Extremity of Humerus 

The diacondylar “Y” or “T” fracture of 
the lower extremity of the humerus, though 
not nearly so common as supracondylar 
fractures in children, is nevertheless the 


DISLOCATIONS 

most commonly found fracture involving 
the lower humerus in adults. It is usually 
sustained by direct violence and often com- 
pounded An associated fracture of the 
radial head or olecranon may be present 
The condyles are often separated widely 
from each other and from the lower end of 
the humeral shaft because of the pull of the 
muscle attachments on each epicondyle 
Furthermore, there is usually marked soft- 
part damage, with swelling and vascular 
disturbance 

These are serious fractures because they 
are difficult to reduce and maintain reduced 
by any closed method of treatment with the 
assurance of subsequent good function in 
the elboiv joint. No closed method of treat- 
ment can assure a combined good esthetic 
and functional result. If we strive to restore 
the normal architecture of the joint sur- 
faces, we frequently sacrifice function, and 
vice versa, in these fractures If good anat- 
omy is obtained by closed reduction, it is 
possible to maintain this only by prolonged 
immobilization, which in turn allows fibro- 
sis and thickening in the joint capsule, 
possibly actual bone formation in the cap- 
sule, and not infrequently a complete bony 
ankylosis. Older methods of treatment by 
prolonged immobilization did just this, and 
resulted so frequently in bony ankylosis 
that it was deemed wise by the men em- 
ploying it to immobilize the elbow in supi- 
nation at 90° of flexion as the best position 
lor function if the elbow became stifi. As 
has been pointed out before, it is usually 
desirable to obtain as much function as pos- 
sible rather than to strive for perfect ap- 
pearance. The present-day methods of treat- 
ment are based on regaining function in 
these diaoandylar “Y” or “T” fractures. 

TREATMENT 

There are several closed methods of treat- 
ment, none of which is completely perfect 
for all these fractures There is practically 
no fixation dressing or splint competent to 
maintain any sort of reduction unless it is 
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combined with traction The Magnuson 
felKufi traction on the upper forearm is 
quite effectue (Fig 7s0) llie patient lies 
on a hard mattress with the «haft of the 
humeru renting on the latter Skm traction 
IS applied to the forearm which is flexed 
to 90° The felt cuff with 10 to IS pounds 
of weight exerts a dov.-nward force through 


da\-« the motion help ng to mold the frag 
ments into a position that will allow further 
increased function and helping to decrease 
the hemorrhage and swelling m the capsule 
and mu cles ‘surrounding the joint 
If the Magnu on felt traction is not sufli 
aentU effective to reduce the fragments 
overhead skeletal traction ma> be U'led b> 



Fic 73 O Method of appl>ing traction in N fracture ol humerus 
Iiuet «hows method of cutting felt to fit snu^lv around lower end 
of humerus (Courtesv Magnu on P B Fractures Philadelphia 
Lippincotl ) 


the collateral ligaments regaining length 
Afanipulative molding of the fragments 
under general anesthesia is of great a. ist 
ance m overcoming the <ipread of the con 
dvles This traction mu«t be kept on for 
two to three_ueeks after which the elbow 
Is immobilized in a molded plaster «plmt 
for another three weeks ‘'Iild actu e motion 
IS begun at three weeks after the injurv 
\s a matter of fact some actu e motion mav 
be allowed m this traction after four or five 


means of the Kirschner wire in erted 
through the olecranon as described for 
supracondv lar fractures prevaou Iv Either 
method will usuallv give a faulv satisfac 
ton. functional result [If it can be U-.ed 
the skeletal traction 1 the more effective 
method —Ed ] 

Skin traction with the elbow at 90* m the 
Jones traction splmi mav be u ed but it 
nece' itaies the patient - earning a rather 
heavj piece of apparatus and al-o elimi 
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nates the use of early exercises and active 
motion 

Wilson and Cochrane advocate closed 
reduction similar to that used in supra- 
condylar fractures — 1 e , by traction and 
manipulation under anesthesia, plus mold- 
ing of the condyles together by local thumb 
and finger pressure and immobihxation of 
the elbow in acute flexion in the Jones’ 
position with a halter around the patient’s 
neck This allows motion m flexion, and as 
this increases the halter is gradually length- 
ened, allowing more extension. When the 
elbow can be extended to 90”, the halter is 


because of the very marked comminution 
of the fragments vhich may make it me- 
chanically impossible to applv firm internal 
fixation There are many cases, however, 
where far better functional as well as an- 
atomic results can be obtained if open 
reduction is done with internal fixation, 
followed bj' early active motion m traction 
and suspension and assisted by heat, mas- 
sage, and elevation If facilities for and ex- 
perience in performing open reductions are 
up to proper standards, and operation has 
been decided upon as the best method of 
treatment for the immediate case, it should 


A B 



Fig 7S I Lateral and anteroposterior x-ray views of a dicondylar fracture of humerus suit- 
able for operative treatment (A) before operation, (B) after operation 


then changed to a sling and further active 
extension encouraged This takes about 
three to four weeks With this method the 
weight of the arm acting by gravity acts 
as traction, and the triceps tendon serves 
the purpose of a posterior splint 

Operative Treatment. Open reduction 
has many advocates and many critics In 
the first place, open reduction of diacon- 
dylar “Y” and “T” fractures should not be 
attempted by surgeons without experience, 
or in hospitals where the proper facilities, 
equipment, and personnel for open reduc- 
tion are not of the best In the second place, 
it is not ahvays feasible to perform open 
reductions, because of the age of the patient 
or other physical or economic hindrances, or 


be done early {i e , within the first few days 
or a w'eek) in order not to waste time or 
needlessly traumatize the fracture site and 
surrounding soft parts by repeated unsuc- 
cessful attempts at closed reduction (Fig 
751) [If operative fixation is to be em- 
ployed It IS unquestionably best employed 
as the primary method of treatment within 
the first 8 to 12 hours Each 12 hour period 
thereafter, and each attempt at manipula- 
tive reduction, takes from its chances of 
optimum success — P-d J 

Operative Method Exposure for open 
reduction can be obtained by two lateral 
incisions or by a U-shaped incision. The 
fracture site should be exposed on either 
side of the triceps tendon or bj’ dividing 
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this tendon and later resutunng it It is 
often necessarj to free and retract the ulnar 
nerve to prevent contusing it If the frac 
ture extends into the articular surface anj 
small loo«e fragments within the joint 
should be removed The mam fragments 
should then be re a'^^embled m anatomic 
position and each condvle fastened rigidlv 
to the other and to the shaft preferablj bj 
stainless steel or vitallium screws or b\ 
screws and plates Some surgeons u«e nails 
bone pegs or wire fixation but screws will 
u&uallj fasten the fragments more firml> 
and maintain their position more ade 
quatelj when enrlj active motion is started 

Following operation the arm should be 
elevated bj suspension in traction to facili 
tite reduction of soft ti«sue swelling and to 
allow earlj actiie motion If internal fix 
ation is adequate no splint should be u«ed 
as this will counteract the purpose of the 
operation— le allowing earlv active mo 
tion Heal and massage should be given 
dailv Under no circumstances should the«e 
elbow injuries be given forced passi c mo 
tion or manipulations when treated bv 
either cIo«ed or open methods In from two 
to three weeks the patient can usuallj be 
allowed up wearing a sling (provided 
fixation has been rigid) and then should 
be made to practice aclsie flexion extcn 
sion and rotation exercises cverj hour or 
two Heal bj thermolite or hot soaks and 
massage should be continued Occupational 
therapj e peciallj loom work to increase 
flexion nnd extension at the elbow maj be 
advantageous after the first month follow 
ing operation [*^00 Chapter 22 for details 
as to exerci e m3S«age etc —Ed ] 

Di abiUtv time in the«>e fractures treated 
bv one of the advocated closed methods 
u«uallv runs from four to six months 
treated bv open reduction the time is often 
shorter— from three to (our months 

PROGNO IS 

The pro'Tio is is far belter now that 
function rather than perfect anatomj i» 


considered the important goal in these dia 
cond>lar \ and T fractures It is also 
better in joimg to middle aged adults than 
m elderly persons due to quicker and more 
complete recovery from soft part damage 
and circulatory disturbance and the less 
serious effects of the necessary immobiliza 
tion 

rRVCTURES OF LATERAL OR MeDIAL 

Condvle of Humerus into Joint 

A fracture of either the lateral or the 
medial condvle of the humerus alone is un 
common but mav result in senous loss of 
the elbow joint function In the first place 
the fracture line communicates with the 
joint and adhesions if immobilized too 
long may limit motion In the second place 
the fragment is usually displaced by tilting 
or rotation or both due to the pull of the 
flexor muscles on the medial side or the 
extensors on the lateral side Any change 
m the axis of the separated fragment will 
interfere with perfect hinge motion m the 
joint and may greatly limit flexion and 
extension 

treatment 

The problem here is to regain as much 
function as possible It can be done by two 
methods The conservative method requires 
traction on the forearm flexed at 90’ by 
means of the aiagnu'on felt cuff (Fi" 750) 
or by means of a Kir'chner wire through 
the olecranon with overhead su pension 
EarU active motion must be 'Started within 
(two or three dav a-s isled by such physio 
therapy as mas'a'’e heat and elevation and 
the range of motion gradually increased as 
pain and swelling subside It is '•urpn mg 
how excellent the functional result mav be 
if such treatment is carried out On the 
other hand the functional result is much 
more apt to be poor if such an elbow is 
immobilized in cplints or a plaster casing 
for a period of four weeks 

The more radical method of open re 
duction «hould be carried out in vounger 
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adults, who hav’e to earn a livelihood, if 
the proper facilities are available and no 
other real contraindication to operation 
presents itself The purpose of open re- 
duction is of course to allow anatomic re- 
position of the fragment plus firm internal 
fixation in order that early active motion 
can be begun without fear of displacing the 
fragment, and to make it unnecessary to use 



Fic 752 Lateral x-ray view of elbow 
illustrating a badly comminuted frac- 
ture of “truck-swipe” or “side-swjpe” 
variety. 

splints or plaster casings Depending upon 
the location of the fracture line and shape 
of the fragment, internal fixation may be 
effected by the use of several screws or a 
small steel plate An occasional wire loop is 
necessary if screws alone are inadequate or 
if only a single screw can be used Nails are 
often used, but these rarely hold the frag- 
ments as rigidly as a screw, because they 
tend to loosen more readily w-ith decalcifica- 
tion. These fractures are often difficult to 
fix internally even in expert hands, and one 
should not attempt it without proper train- 
ing, experience, and equipment. 


PROGNOSIS 

The prognosis is approximately the same 
as with diacondylar “Y” or “T” fractures, 
perhaps somewhat better in general 

“Side-swipe” or “Truck-swipe” Frac- 
tures OF Lower Extremity of 
Humerus 

The term “side-swipe” or “truck-swipe” 
is applied to certain very severe fractures 
around the elbow sustained by the driver of 
an automobile whose elbow while resting on 
the window'sill of the car has been struck 
by a portion of the overhanging body of a 
truck he has tried to pass too closely on a 
narrow road or by an object into which 
he has skidded It is the most serious elbow 
fracture we see, because the blow is direct 
and Is delivered at high speed The elboiv 
and lower humerus are driven backward 
against the window’ frame and literally 
shattered. The humerus fracture is almost 
always compounded as well as badly com- 
minuted, the compounding frequently in- 
volving the upper ends of the radius and 
ulna and the elbow’-Joint cavity (Fig 752) 
The joint becomes completely disrupted, 
soft-part damage is excessive, involving 
nerves and vessels as well as muscles, and 
there may be actually a loss of substance 
(skin, muscle, portions of vessels and nerve 
trunks, or even bone fragments). The 
injury, of course, may be of any degree and 
may not be compounded The milder types, 
however, are less common 

TREATMENT 

The treatment depends of course on the 
extent of the injury The fractures which 
are comminuted, but not compounded, are 
best treated by traction and suspension, 
aided by gentle manipulation under anes- 
thesia, with molding of the fragments into 
their best possible position for function, 
rather than into perfect anatomic reposi- 
tion, The skeletal overhead traction is the 
best form. This is followed by early active 
motion, in order to regain a maximum of 
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elbow joint function Unless the fragments 
are few in amount and large it is mad 
\isable to attempt an open reduction with 
rigid internal fixation unless one is equipped 
with proper facilities for doing good bone 
surgerj and alao is well experienced in such 
work Conser\ati\e treatment usuallj gi\es 
better functional results than ill advised 
attempts at open reduction in the«e injuries 

WTien the fracture la compounded de 
bridement must be done but should be on 
the conserxative side The wound should be 
thoroughlj irrigated nith quantities of no 
mal saline solution The fragments should 
not as a general rule be fixed mtemalU 
and the wound is best treated b\ packing it 
wide open with petrolatum «auz“ or sutur 
mg \er) \er\ Ico elj Bv the u e of over 
head skeletal traction the elLow can be held 
m the optimum po ilion for the fracture 
fragments and for change of dre «ings All 
of the patients should receive aninetanu 
serum For chemotherapv «ee Chapter 22 

Should the wound become infe ted drain 
age must be made adequate b\ opening the 
wound compIeteU if nece xrv and emplov 
mg frequent irrigation with normal calme 
solution Irrigation with saline is advocated 
here in place of Dakm s «olution or other 
antiseptic solutions Normal saline ts the 
least irritating as it is a ph\ lologic solu 
tion Dakin & solution l^ conMdered bv 
manj to cause decalcification of the bone 
fragments there£)> fes^ening the chance> of 
bonj union Furthermore Dakins solution 
in a joint is felt to be definiteh irritating 
The elbow is ven likelj to become ankj 
losed if infection has involved the joint and 
the position of immobilization should then 
be in whatever degree of flexion or exten 
sion is optimum for the particular patients 
occupation or daily needs 

AFTEK TREATMENT 

This depends upon the extent of the orig 
mal injurj lo s of substance nerve injuries 
and supervening infection Operative pro 
cedures should be avoided after the initial 


debndement etc except for the necessitj 
of establishing better drainage in infection 
or in carrying out sequestrectomy of dead 
bone fragments If the elbow joint is going 
to be fliil It may be necessary to provTde 
the patient with some form of brace to 
stabilize it and to make it easier for him 
to flex the elbow without using his other 
hand to a sisl U in this action 

PROGNOSIS 

The progno is is serious because it mav 
be difhcult to «ave the extremitv if gangrene 



Fic Lateral and anteroposterior 
X ray views illu trating fracture of 
lateral condyle of humerus m a child 
with downward di placement and rota 
tion of lower fragment (which con isls 
of capitellar ep physis and a portion of 
fateraf condvfe proper/ 


or infection sets in and because the deform 
ity and di-^ibility mav be a big handicap 
from the economic standpoint in a laborer 
or in a man who e occupation is in the 
skilled trade the disabilitv may require 
him to give up hia job 

Fractures or Lateral Condvle and 
ScrtR-VTioN OF Epiphvsis or 
Capitelllm in Children 
The^e injuries though not nearly «o com 
mon as supracondvlar fractures in children 
are often more senous in nature from the 
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standpoint of prognosis. The fracture line 
runs from just above the lateral epicondyle 
downward and medially into the joint, sepa- 
rating the capitellar epiphysis with a frag- 
ment of diaphysis attached to it from the 
trochlea (Fig. 753). These are essentially 
epiphyseal separations, although the frac- 
ture line is not seen to pass along the 
epiphyseal plate, and they frequently lead 
to growth disturbance of the lower lateral 
aspect of the humerus The amount of 
diaphysis broken off which remains at- 
tached to the capitellar epiphysis varies 
from a thin shell to a piece as large as or 
slightly larger than the capitellum itself 
The displacement of the distal fragment 
varies from slight or none to complete 
downward, forward, and lateral displace- 
ment with rotation. Rotation of the frag- 
ment may be as great as 180*. The direct 
pull of the extensor muscles of the wrist, 
which take their origin from the lateral epi- 
condyle, is the cause of the displacement 
and rotation. 

Reduction not only must be done early 
but must be anatomically accurate, effect- 
ing direct apposition of the fragments, and 
must be adequately maintained if subse- 
quent deformity is to be avoided and full 
function restored. Owing to the amount of 
displacement and rotation, it is often im- 
possible to reduce the fracture by any dosed 
method In addition, it may be difficult or 
even impossible to maintain reduction. For 
these reasons some surgeons routinely per- 
form open reductions on all those badly 
displaced Unless accurate apposition is ob- 
tained and maintained, the blood supply to 
the distal fragment wdll not be well re- 
established, and growth disturbance is very 
likely to take place. I personally feel that 
an attempt at dosed reduction should be 
tried once, realizing the possible necessity 
of open reduction and warning the parents 
of this in advance. Repeated attempts at 
closed reduction are definitely harmful be- 
cause they cause additional damage to an 
already injured epiphysis. 


TREATMENT 

Closed. Closed reduction when accom- 
plished is best done by manual traction on 
the partially flexed forearm with the latter 
adducted upon the humerus in order to 
widen the space between the radial head 
and the lateral condyle of the humerus. At 
the same time thumb manipulation is used 
to correct the rotation and displacement of 
the distal fragment, checking the position 
by fluoroscopic control. Once reduced, the 
position is best maintained by moderately 
acute flexion (60 to 70°) of the elbow and 
immobilization in a posterior molded plas- 
ter splint. This splint should be kept on for 
a period of three to four weeks, very much 
as In the more severe supracondylar frac- 
tures. The after-treatment is also similar. 
Those fractures with little or no displace- 
ment of course require no reduction, but 
should be splinted as above for two weeks. 

Operative. Open reduction may be done 
as a primary procedure or after failure to 
reduce the fracture by one attempt with the 
closed method However, when open re- 
duction is to be done, it is better done early 
— i e , within the first two days after injury 
or, better still, immediately. If open re- 
duction is performed, it is essential to fix 
the distal fragment internally, and this 
fixation should be by rigid means rather 
than by mere suture of the periosteal at- 
tachment. Firm internal fixation may be 
obtained by the use of small wire nails, 
metal screws, or even bone pegs If neces- 
sary, owing to the small size of the dia- 
physial fragment, a small wire nail may 
be driven actually through the epiphyseal 
plate without causing any appreciable 
harm. Theoretically it is bad to do this, 
but actually the damage done represents 
such a small area of the epiphyseal car- 
tilage that the firm fixation obtained far 
outweighs any harm done. The after-treat- 
ment is the same as with the unoperafed 
cases. 

It is advised by some to remove the dis- 
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placed capitellum and attached diaphjsial 
fragment rather than to attempt open re 
duction and fixation This ma> be the onl> 
logical procedure m old unreduced cases of 
several months duration but there ^eems 
little advantage in this procedure in fresh 
cases Some possibl> recommend this be 
cause the> have never fixed a lateral con 
djle fragment at operation with anything 
firmer than a suture and hav e had far from 
good results in «uch cases 

End result studies in a great man> clinics 
throughout the countrj shoo far better 
anatomic and functional results when the^e 
displaced lateral condj le fractures are 
treated b> immediate open reduction and 
firm internal fixation rather than b> an> 
closed method or bj removal 

rROCNOSIS 

This depends upon the amount of dis 
placement the accuracy and maintenance 
of reduction and upon possible sub«equent 
growth disturbance Incomplete reduction 
or failure to maintain reduction often leads 
to a broadened condvlar region and some 
limitation of elbow motion chiefly flexion 
If this IS considerable there will be im 
paired use and operative removal may be 
indicated Late operative removal of the 
fragment however rarel> gives a perfect 
functioning elbow 

A late complication resulting from growth 
disturbance is retardation of the growth of 
the lateral condjle This gives n^e to an 
increased carrjing angle (cubitus valgus) 
deformity Such a defoTmit> puts the ulnar 
nerve on the stretch and al o causes the tip 
of the olecranon in full elbow extension to 
impinge on the nerve in its groove on the 
posterior aspect of the medial epicond>le 
Repeated trauma of this tvpe sets up a 
neuritis which gives rise to a pal»\ and 
eventuallj perhaps to complete paraljsis 
This ma\ occur ten or more vears after the 
original injurv The patient and his parents 
should be warned of the po«-sibiUl> , and if 
sjmptoms begin and show progression op 


erative transference of the ulnar nerve 
should be earned out as described later 
before the paraijsis becomes complete 
Otherwise such paral>sis maj be perma 
nent and no succe s can be expected from 
the operation 

Sepvrvtion of Efipiivsis of Medial 

(Internal) Epicondvle of Humerus 

In thii, tvpe of fracture the medial epi 
condjle epiphysis may not actually be 
gro sly -separated but only traumatized the 
diagnosis being purelv a clinical one On 
the other hand it may he slightly or widely 
•teparated from its normal attachment 
having been avulsed by the pull of the 
lendinoos attachment of the wrist and 
finger flexors The displacement is always 
downward \\ ide displacement of this 
epiphysis is commonly seen in a posterior 
dislocation of both bones at the elbow 
Occasionally in such dislocations the epiph 
ysis 1 $ actually displaced into the elbow 
joint through the opening made by the dis 
ruption of the medial (internal) collateral 
ligament and capsule and of course requires 
operative therapv («ee below) (Fig 754) 

The downward displacement per se of the 
medial epicondy le epiphy sis is of little con 
-sequence and causes no late functional dl^ 
ability It reattaches m its new (displaced) 
position and although it may become 'ome 
what enlarged by subsequent growth the 
flexor muscles attached to it are able to 
function juat as well as before 

TREATMENT 

It IS rarely po ible to reduce this frag 
ment completely b\ any do ed method It 
IS best to immobilize the elbow m moderate 
flexion in a posterior molded <phnt m order 
to relax the pull of the attiched flexor mus 
cles The fragment rarelv reattaches itself 
to the medial condyle of the humcrua by 
bony union even if completelv reduced The 
cplint should be kept on for from two to 
three weeks followed by a «hng for one 
week Active motion is then allowed Pas 
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sive motion and massage are contraindi- The displacement of the medial epicon- 

dyle epiphysis in association with a pos- 
bome surgeons advise open operation and terior or posterolateral dislocation at the 
sutunng of the epiphyseal fragment to the elbo^v joint is a condition requiring careful 
medial condyle, but in the author’s opinion x-ray study, and possibly special treatment 
this is an unnecessary operation, and the In every child suffering from a dislocation 


m 




Fig 754 X-ray views il- 
lustrating fracture with sep- 
aration and various displace- 
ments of epiphysis of medial 
epicondyle of humerus (A) 
Anteroposterior view show 
mg only slight downward 
displacement, (B) antero- 
posterior and lateral views 
showing displacement of 
epiphysis into joint associ- 
ated with dislocation at 
elbow joint, (C) same, ex- 
cept dislocation of radius 
and ulna on humerus has 
been reduced 


late clinical and x-tay results do not show at the elbow , one should look at the x-ray 
sufficient benefit to warrant its use If ulnar- films for evidence of displacement of the 
nerve sensory or motor signs are associated medial epicondyle epiphysis. Such displace- 
with a displaced medial epicondyle epiphj- ment must not be ruled out on x-ray films of 
sis it may be advisable to operate, reattach the injured elbow only Films of the unin- 
the epiphysis, and transplant the ulnar jured elbow should be taken for comparison, 
nerve from its groo\ e behind the epiphy-sis because there are many epiphyses at the 
to in front of it. lower end of the humerus and there may be 
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multiple ossification centers jn the trochlear 
epiphjsis alone which ma> be confuMng 
If there is but little displacement of the 
medial epicondjle epiphjsis, one need not 
be concerned and ma> go ahead ^ith re 
duction of the dislocation If the epiphysis 
IS nidelv displaced, it is absoUitely essential 
to make sure whether or not it has been 
drawn into the elbow joint If one can be 
rea'onablj certain that no displacement 
into the joint exists, he ma> proceed with 
a clos°d reduction of the dislocation Jf 
there is eiidence of ulnar ner\e damage 
open reduction rather than closed should be 
performed because the ner\ e maj be caught 
within the joint and require tran'spfantation 
anterior to the epicond>le v,hich at the 
same time maj be re sutured m its normal 
position (See belov, for operatue technic ) 
If, after careful stud\ and comparison of 
the tno elfaon x ra\ films, the epiphisis is 
found to be m the joint, an immediate open 
reduction should be performed It is almost 
impossible b> an> closed method of reduc 
tion of the dislocation or bi manipulation 
to bring the epiph>seal fragment out of the 
joint The chances of success are far o\er 
shadowed b> the risk of incomplete removal 
and still further b> the greater n-k of add 
mg injurj to the ulnar nerve 
Tcchmc of Operation for Removal of 
Medial Epicondyle Epiphysis Displaced 
into Elbow Joint An incision approxi 
malel} 8 cm long is made along the medial 
supracondvlar ridge of the humerus and 
medial a<ipect of the elbow joint The deep 
fascia Is then incised verticalK The epi 
phvseal fragment of the medial epicondyle 
will not be found at its normal attachment 
and will not be found on first exploring 
the elbow joint This is because it is covered 
b\ the upper part of the flexor mu des 
where the«e curl lateralh into the joint 
through the tear m the capsule (Fig 755) 
This portion of mwardlv curled mu^Je 
should be vnthdnwn from in-ide the joint 
bj means of a sharp hook or toothed 
forceps, arwi swddervly the displaced epiphy- 


sis will “pop” up into full view Reduction 
of the dislocation should be performed at 
this point b> traction on the forearm and 
mampulation into position which can be 
done under direct v ision w ith the joint open 
The tom medial collateral ligament should 



Fic 753 Sketch iho mg mu'clea at 
lached to epiph}*«is of medial epicondvie 
curling into joint in a ca e where epiph 
>Ms has been di placed inlo joint fol 
lowing di'location (\) Linar nerve 
(B) site from which medial epicondyle 
epiphysis has been avul ed (C) tom 
attachment of medial collateral liga 
ment of elbow joint (D) medial a'pect 
of trochlea (E) upper portion of flexor 
pronator group of mu cies curleJ into 
joint throush tom cap-ule and licaments 
— di*'placed medial epicondy le epiphy is 
Is hidden beneath this (F) tom an 
tenor cap ule and muscle 

then be sutured if possible The di'placed 
epiphvsis must now be reattached to the 
medial condyle by a stout silk or wire 
(stainless ’^leel) ’future passed through a 
drill hole in the humerus and through the 
tendinous attachment of the mu'cles to the 
epicondyle, and the latter 'nu^ed up into 
position The wound is then closed in layers 
After application of a sterile dre« ing a 
tecvQc molded «pliat is applied to im 
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mobilize the elbow in approximately 70 to 
80° of flexion. 

Should the displacement of the epiph 3 rsis 
into the elbow joint go unrecognized either 
before or after reduction of the elbow dis- 
location, it will lead to persistence of pain, 
disability, and restricted elbow motion An 
ulnar-nerve palsy may develop because this 
nerve is sometimes pulled into the joint by 
the epiphyseal fragment These complica- 
tions occur often enough to make one be on 
the lookout for them. When late cases are 
seen, operation is a necessity, but the prog- 
nosis is never so good as it is when proper 
treatment has been given immediately fol- 
lowing injury, because of loss of elasticity 
of the tissues, extra- and intra-articular 
fibrosis and adhesions, and long-standing 
nerve involvement. 

Transplantation (Transference) of 
Ulnar Nerve to Flexor Surface of 
Elbow. When there has been damage to 
the ulnar nerve due (1) to dislocation at the 
elbow, fracture and displacement of the 
medial epicondyle or its epiphysis, whether 
the result of contusion or stretching of the 
nerve, or (2) to compression by subsequent 
callus or scar-tissue formation, the ulnar 
nerve should be transferred from its groove 
on Ibe posterioT aspect of tbe Tnetllal epi- 
condyle to the front of the elbow. Occa- 
sional delayed ulnar-nerve palsy follows as 
a result of an increased carrying angle 
(cubitus valgus) deformity resulting from 
improper treatment of or growth disturb- 
ance in fractures of the capitellum and 
lateral condyle of the humerus in children 
This may occur many years after the orig- 
inal injury and likewise requires trans- 
ference of the ulnar nerve if the paralysis is 
progressive, and always before it becomes 
complete 

Technic or Operation. The arm should 
rest on a table in external rotation An 
incision 10 cm long is made, starting 5 cm. 
above the medial epicondyle on the postero- 
medial aspect of the elbow and curved 
slightly forward below this epicondyle. Tlie 


anterior flap of skin and subcutaneous tis- 
sue is dissected forward The ulnar nerve is 
then identified above the medial epicondyle 
and dissected free of its surrounding soft 
tissues A fibrous sheet holds the nerve in 
the groove and the tendinous attachment 
of the humeral and ulnar heads of the flexor 
carpi ulnans muscle also cover it These 
structures must be divided by cutting clown 
upon a grooved director, thus exposing the 
nerve still further. In separating the lower 
portion of the nerve, care should be taken 
to identify and save the small muscular 
branches coming off in this region The 
nerve is then lifted from its groove (divid- 
ing if necessary any adhesions, scar tissue, 
or callus attached to it), and then brought 
over the epicondyle and condyle to the 
anteromedial surface In this position it is 
anchored to subcutaneous tissue by several 
fine silk sutures passed through its sheath. 

Even if there has been no recent disloca- 
tion, it is advisable, following an operation 
for transference of the nerve, to immobilize 
the elbow In 80 to 90' of flexion in a pos- 
terior molded splint for a week to ten days, 
followed by a sling for a week and with 
gradually increased active exercises, active 
use, and hot soaks 

PROONOSIS 

Fracture of the medial epicondyle epiph- 
ysis with or without displacement very 
rarely gives any permanent functional im- 
pairment If any remains, it is usually a 
partial limitation ( 10 to 30“ ) of full elbow 
extension, which, however, causes no dis- 
ability. An interesting point about these 
fractures is the prolonged length of time 
that it takes to regain full extension, fre- 
quently six months to a year being neces- 
sary. For this reason it is wise to forewarn 
the parents of the patient, so that they will 
not undertake themselves to massage or for- 
cibly extend the elbow for the purpose of 
regaining this extension more rapidly 
With widely displaced epiphyses a thick- 
ened medial epicondyle results as an ana- 
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tomic deformit> This, hov\e\er, is onU a 
palpable and not a \isible deforinit\ 

^^llh a medial epicondvle epiphjsij, dis 
placed into the elbon joint the prognosis 
IS excellent if the condition is recognized 
and operation performed immediateK If it 
goes unrecognized for se\eral weeks or 
longer and comes to operation late, the 
prognosis, owing to fibrosis etc can rarelj 
be as good as in fre«h caces treated cor 
rectl> from the beginning 

Fracture of Medial Epico\d\le of 
Humerus i'. Adults 
Fractures of the medial epicondjle of the 
humerus in adults are exceeding!} rare, and, 
as thej do not displace into the joint are 
not serious If the fragment is di«placed it 
IS usuall) downward due to the pull of the 
flexor mU'Cles This displacement in its*lf 
causes no permanent functional disabilii> 
e\en though it be as much as I to 2 cm The 
di«placed epicondjle fragment reauache^ 
by fibrous union to the humerus or capsule 
of the elbow joint and causes no pain loss 
of joint function or weakness of flexor 
power in the wrist or hand The ulnar nerxe 
function should be watched for po«sible 
palsA throughout the healing period 

TREATMENT 

Treatment of this frariure consists of par 
tial immobilization in a posterior molded 
‘iphnl and «Jjn" Sor ten days to tsro neels 
and a sling alone for a similar period Heat 
mas'age and acti\e elbow exerci-es should 
be started at the end of a week The onI> 
reason for operating upon «uch a fracture 
would be becau-e of an as ociated ulnar 
nerxe palsx, in Axhich ca«e the fragment 
should be replaced and the ulnar nerxe 
transplanted anterior to the medial epicon 
dxle 

FROCSOsIS 

The total disabilitj time in this fracture 
should not exceetl fix e to six w ecks Partial 
di'abilitx lasts from three to four weeks 


Return of function should be complete As 
sociated nerxe lesions if recognized and 
treated proper!} should gixe little or no 
permanent trouble 

Fracture of Olecranon in \dults 

This is a rather common injur} m adults 
and due mo't often to indirect xiolence and 
muscular action The fracture line is usu 
all} transxer-e and penetrates directl} into 
Ihe greater sigmoid caxit} of the ulna at 
approximate!} its middle third or shghtlx 
more proximal There is rare!} anx com 
minution unless the fracture has resulted 
from a direct blow In general there are two 
ixpes of olecranon fractures those iiithout 
separation of the fragments and those < ilh 
separation The amount of separation de 
pends direct!} on the extent of the texr m 
the triceps expansion and perio'teum If no 
separation is seen on lateral x rax film* 
there is little or no tear of this tricep" 
expansion If separation of the fragments is 
wide the tear of the periosteum and triceps 
expansion must be relaiixel} complete 

treatment 

Treatment of th’se fractures is based 
upon whether there is little or much eepa 
ration of the fragments 

When separation of the fragments is one 
quarter inch or le«s and does not increase 
bexond this xxith flexion of the clboxx to 
90®, ihe treatment should be rojj'enaljve 
The elbow should be immobilized from the 
shoulder to the knuckles in a posterior 
molded sphnt and slmg xxith the elbow at 
right angles and the for-arm in midrotation 
Man} adxocate wearing this eplmt for from 
three to four weeks but acluallx it need not 
be kept on for more than three or four di}s 
to alloxx pain swelling and mu cle spasm to 
subside Then a slmg should be xxorn for 
another two weeks, during which time heat, 
ma sage, and mild aclixe motion arc earned 
out at frequent interxal'. It is important to 
restore clboxv function as quicklx and com 
pletel} as pO'Sible, and this cannot be done 
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if the splint is kept on for four ^eeks. Bony 
union is usually solid in from six to eight 
weeks. 

Where wide separation of the fragments 
has taken place and the triceps expansion 
and periosteum are extensively torn, there 
are two types of treatment . conservative 
and operative The conservative method re- 
quires immobilization in a posterior molded 
splint with the elbow in full extension for 
from three to five weeks An attempt may 
be made to approximate the fragments by 
manipulation and by criss-cross adhesive 
strapping over properly placed padding. 
This is not a favorable position for circula- 
tion, and the fragments may again separate 
in spite of the strapping which, at best, re- 
mains tightly placed for only four or five 
days We believe this method should be 
reserved for situations where it is not pos- 
sible to operate, either in very elderly people 
or where the skin or some other condition 
contraindicates the operative procedure. 

In the opinion of many surgeons opera- 
tion should always be done in widely sepa- 
rated olecranon fractures, assuming that the 
patient can be transported to a hospital 
where satisfactory bone surgery can be per- 
formed The operation is not difficult, but 
asepsis and technic must be perfect, be- 
cause this fracture communicates with the 
elbow joint and any postoperative infection 
may give a permanent disability or even 
ankylosis Operation is advised because of 
(1) marked irregularity of the joint sur- 
faces of the fragments, which if not accu- 
rately approximated may later cause pain 
or limited function from the development 
of a traumatic arthritis, (2) loss of power of 
the elongated triceps action, and (3) be- 
cause it is a quicker and more certain 
method of getting a good result (ie., a 
movable and strong elbow). 

Technic of Operation. The open reduc- 
tion is best done through a lateral Incision 
curved medially beloiv the olecranon, keep- 
ing well away from the ulnar nerve. After 
dissecting back the skin flap, the periosteum 


IS indsed along the posterior aspect of the 
olecranon and upper ulnar shaft and ele- 
vated to either side The material used for 
internal fixation is preferably metal or 
fascia Stainless-steel wire loops inserted 
through a transverse drill hole in each frag- 
ment or through the triceps insertion on 
the upper fragment will give good firm ap- 
proximation if twisted tight while the upper 
fragment is held down firmly to the lower 
with a bone hook This type of wire causes 
little or no tissue reaction and is very strong 
The twisted end of the wire can be bent and 
made to lie flush with the bone beneath the 
periosteum so that no prominent point will 
remain to irritate the skin One should be 
careful to get good approximation of the 
fragments before tightening the wire to 
avoid a rough joint surface in the greater 
sigmoid cavity of the ulna The triceps ex- 
pansion and periosteum should be closed 
with interrupted fine silk sutures Any small 
loose fragments of bone should oe removed 
to avoid the risk of loose bodies in the joint 
Likewise all blood clots or masses of fibrin 
should also be removed The operation is 
best done immediately or, next best, within 
the first few days after injury If firm fix- 
ation of the fragments is obtained, active 
motion may be started in three or four days 
after operation (i e , as soon as the acute 
postoperative pain has subsided). (See 
After-care.) 

Other means of fixation consist in the use 
of screw's, nails, plates, or pms There is no 
one method good for all cases The princi- 
ple of adequate fixation and early active 
motion applies to all cases regardless of 
what tjqie of internal fixation is used Silk 
or catgut sutures used to hold the bone 
fragments are apt to be unsatisfactory be- 
cause they fail to give sufficiently secure 
fixation to allow of early function 

Fascia from the triceps tendon, when 
used after the method described by Rhom- 
bolt, makes a good type of repair which has 
the advantage of tending to crowd the frag- 
ments closer together whenever the triceps 
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muscle contracts It al'o ob\uates the use 
of a metallic foreign bodj and permits earlj 
acti%e motion It is not so simple a pro 
cedure as fixation with a wire loop It also 
maj allow some separation of the fragments 
after motion is begun and for this rea^^on 
IS not so satisfactorj as %Mre fixation Its 
chief advantage is for fixation of commi 
nuted fractures where it is too difficult to 
use wire 

Techmc of Fascial Repair This con 
sists of forming a strip of triceps fascia 


other and to the surrounding periosteum by 
interrupted silk. The lateral triceps expan 
cions and periosteum are likewise sutured 
where tom and the defect in the triceps 
fascia proximal to the olecranon is closed 
(Fig 7S6) 

Excision of Olecranon and Repair of 
Triceps Matson Jones advocates excision 
of the olecranon and repair of the triceps as 
an alternative method of operative repair, 
particularly where the olecranon fracture is 
high and separates a small fragment, or in 



about four inches long b} one half inch 
wide This is split Iongitudinall> into two 
equal halves, the lower insertion into the 
tip of the olecranon being left attached 
A hole one-quarter inch in diameter is then 
bored well into the posterior aspect of the 
upper end of the lower ulna fragment A 
similar hole is bored from either side, start 
mg slightlj distal to the first one and di 
reeled slightlj upward to connect with the 
first hole m the depths of the bone Both 
Strips of fascia are m«erted into the first 
hole, and one is brought out through each 
cide hole Bj traction on these strips the 
olecranon is pulled down into contact with 
the lower fragment Each strip is then 
carried upward and sutured both to the 


elderl> indmduals with badl> comminuted 
fractures He stales, ‘ It must be recognized 
that the essential part of the operation is 
not the excision of the fragment, but the 
repair of the [triceps] tendon 
Techmc The fragment of olecranon is 
dis<5ected out cleanly bj sharp dissection, 
and mattress sutures are u-ed to fasten the 
triceps tendon and its expansion to the fore 
arm muscles and fascia on either side of the 
lower fragment A firmer repair maj be ac 
complished b> using a strip of fascia lata 
from the thigh woven through the triceps 
tendon and muscle and pas«ed through a 
drill hole in the proximal -shaft of the ulna 
The triceps tendon itself mav be similarlj 
employed 
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AFTER-CARE IN OPERATED CASES 

The after-treatment where adequate fix- 
ation has been obtained with one of the 
above described means should consist of 
early active motion and exercises, heat, and 
massage Passive motion should be avoided 
A posterior splint for three or four days 
after operation, followed by a sUng for three 
weeks, is sufficient immobilization in most 
cases The disability time for light work 
should not exceed six weeks In a man doing 
heavy work it may last from eight to ten 
weeks 

PROGNOSIS 

The prognosis in olecranon fractures with 
little or no separation should be good (i.e , 
full or nearly full return of function and 
strength and no noticeable deformity) pro- 
vided immobilization is not prolonged and 
early active exercise and active use are 
carried out 

In olecranon fractures with wide separa- 
tion, the prognosis depends on what has 
been done to correct this If little or nothing 
has been done in this respect, noticeable 
deformity will result, with limited range oi 
motion and with weakness in extension. The 
operative treatment is more apt to give a 
better functioning and a stronger elbow be- 
cause it not only corrects the wide separa- 
tion of fragments, but also allows early 
exercise and active use 

Fracture of Olecranon and Separa- 
tion OF Olecranon Epiphysis in 
Children 

This is a rare lesion in children and the 
olecranon fragment rarely shows any appre- 
ciable displacement If the fracture line is 
situated distal to the olecranon epiphysis it 
is frequently of the greenstick variety. One 
must also be careful not to confuse multiple 
ossification centers in the olecranon epiphy- 
sis with such a fracture 

TREATMENT 

Those fractures without separation are 


best treated by immobilization in a pos- 
terior molded plaster splint and sling at 
right-angle flexion for about two weeks, fol- 
lowed by sling, hot soaks three times a day, 
active exercise, and graduated active use 
Those with displacement are best immo- 
bilized in extension for three to four weeks 
and then treated as above Passive motion 
and massage should be avoided in the after- 
treatment. 

One should note the difference between 
this and the treatment advocated for adults 
with widely displaced or separated olecranon 
fractures. Prolonged immobilization does 
not have the bad effect on children's tissues 
that ft does on those of adults, and the 
child’s tissues recover normal elasticity and 
function much more rapidly than do adult 
tissues 

PROGNOSIS 

This is generally good in children from 
the standpoint of both anatomy and func- 
tion. There is rarely any residual deformity, 
and functional return in the elbow joint is 
usually fui] 

Fracture of Coronoid Process of Uena 
This fracture may occur without other 
injuries, but this is rare It is seen most 
often in association with a posterior disloca- 
tion of both bones at the elbow joint. The 
displacement of the fragment is in a prox- 
imal direction due to the pull of the bra- 
chialis anlicus muscle which is attached not 
to Its tip but anteriorly at its base. The tip 
of the coronoid is purely intra-articular in 
position and may even become a loose body 
within the joint following reduction of the 
dislocation. 

TREATMENT 

The treatment consists of reduction of 
the dislocation, if present, and immobiliza- 
tion in a posterior molded splint and sling 
for three weeks with the elbow in moder- 
ately acute flexion (70 to 80°). The splmt 
should be removed every other day for in- 
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spection of the swelling and for heat and 
massage therapj (in adults) During this 
three weeks care should be taken not to 
alloT\ the patient to extend the elbow 
bejond 120° while his splint is off for fear 
of causing a redislocation This should be 
followed by sling support for a week with 
continued heat, massage graduated exer 
cises, and active U'^e The immobiliza 
tion naturallj has to be of longer duration 
than is necessary in dislocation not asso 
ciated with a fracture of the coronoid proc 
ess, since the fracture predisposes to eas> 
recurrence of the dislocation If after re 
duction, the tip of the coronoid (le, the 
intra articular portion) «eems actuall> dis 
placed into the joint it might be advisable 
to explore the mint through an anterolateral 
incision (see Fig 7 ^ 7 ) in order to remove 
the fragment Otherwise it ma> later cau«e 
trouble as a freely movable loo«e bodj 
within the joint cavitj 

PROGNOSIS 

If the coronoid process unites it may or 
may not give any disabihtj Most often 
there is no permanent disabilitj, but if the 
union results in an elongated process there 
may be some loss of flexion m the elbow 
joint If the coronoid proce«s fails to unite 
two complications mav result (I) A pre 
disposition to recurrent dislocation at the 
elbow, and (2) the possible creation of a 
loose bod} in the joint which ma} cau^e a 
traumatic arthritis due to irritation and me 
chanical locking, with pain and prc^essive 
limitation of function The loose body, if 
present, ■should be removed before such 
S} mptoms become marked 

Fractures of Head and Neck of Radius 
The head and neck of the radius are very 
common sites of fractures, in adults as well 
as in children These fractures often go 
unrecognized, because in the milder forms 
of fracture without displacement the diag 
nosis frequenth has to be made from the 
clinical examination rather than fav x raj 


As the facture line frequentlj cannot be 
seen on x raj plates the condition is often 
mistaken for a sprain Frequentlj this is to 
the patients advantage because no splint is 
applied, and he is allowed earlj active mo 
tion This aids m more rapid restoration of 
function 

A hemarthrosis accompanies all radial 
head fractures Though pain is slight at 
first. It increases with the increasing tension 



Fic 757 Z shaped incision for 
anterolateral approach to elbow 
joint This approach is imporative 
in removal of radial head fractures 
associated with elbow dislocation 
becau«e of extensive anterior <=011 
part damage and extravasation in 
order to allow for escape of this 
accumulation which predi po'es lO 
mvositis ossificans in a high per 
centage of ca^es 

of blood in the joint The patient mav give 
a tj'pical storj of a fall on the hand follow 
mg which he noted some pam on the outer 
side of the elbow m the region of the radial 
head Since this was not great at first, and 
since motion was nearlj complete, he paid 
verj little attention to it After an hour or 
two however pain began to increase and 
the elbow became «tiffer i e motion de 
crea ed markedlj The pain increases some 
times to a degree where the patient de 
ccnbes it as a sensation of throbbing and 



FRACTURES AND DISLOCATIONS 


906 

nothing he does for it gives relief. It pre- 
vents sleep, and motion in the joint (es- 
pecially flexion and extension) is so limited 
that more than a few degrees of either 
causes an increase of the pain A bulge will 
be found on the posterolateral aspect of the 
elbow in the triangle formed by the radial 
head, lateral epicondyle of the humerus, and 
tip of the olecranon This will be elastic and 


fluctuant Pressure over this causes ex- 
quisite pain. The hemarthrosis here gives 
more symptoms than the fracture per se. 
For remedy of this, see under Aspiration of 
Elbow Joint, p 881. 

TREATMENT 

The principle of treatment for radial- 
head fractures in adults is pretty well 
agreed upon throughout this country and 
is based on the amount of displacement of 
the fragments (Fig. 758). 

Conservative Method, (a) With a linear 
crack in the radial head and little or no 
displacement, the treatment should be con- 


servative This consists in preliminary as- 
piration of the hemarthrosis, if excessive 
pain and distention of the joint capsule in- 
dicate its necessity, under strict aseptic 
technic Following aspiration pain will 
quickly disappear and the range of motion 
(both active and passive) in the elbow joint 
will immediately be greatly increased 
Immobilization of the elbow should be by 


a posterior molded splint extending from 
the upper humerus to the wrist for three 
to five days, followed by a sling for another 
week Heat and massage, early active exer- 
ases every two or three hours, and active 
use within pain limits are important from 
the start The massage should be omitted 
m children 

The disability time in fractures thus 
treated is approximately two weeks if the 
hemarthrosis has been aspirated, and about 
four weeks if not aspirated, due to pro- 
longation of pain and spasm in the latter 
cases The return of function is usually 
complete or nearly so by this method, be- 


B C D 



Fig. 758 X-ray views illustrating different types of fractures of head of radius- 
(A) without displacement or with minimal displacement, (B) with moderate displace- 
ment, (C) with marked displacement, (D) with displacement of radial-head epiphysis 
in a child (From the Fracture Service of The Presbyterian Hospital, New York ) 
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cause prolonged immobilization ^\hich 
frequentlj diminishes the elasticit\ of the 
surrounding •soft tissues is not emplojed 
Bohler treats these mild fractures by im 
mobilization in a circular plaster rn«;ing for 
four weeks Bj this method the disabilit> 
time IS prolonged for two to three months 
or longer and ne have «een permanent 
limitation of function bj this method more 
often than with early institution of motion 
Operative Method (Indications) (b) 
^\lth marked displacement of the whole 
radial head or a fragment of it or with 
marked comminution the treatment of 
choice IS operative Some surgeons <iaj that 
if more than a third of the head is fractured 
and displaced or if the displaced fragment 
IS from the anterior portion of the head 
(vihere it can cau«e greater loss of function 
in the joint) it or the whole head should 
be removed In general the consensus in 
this countrj is that the enttre head and neck 
•should be removed instead of mere!> re 
movnng the displaced fragment or frag 
merits Another point that is gcneraU> 
agreed upon is that this removal should 
be done early Bv earlv is meant within the 
first 24 or 48 hours after the injury and not 
at the end of a week or later 

l^STnle m general it is assuredly true that 
removal of the radial head is best done as 
soon after injury as possible there is one 
group of cases m which the removal should 
be an emergencv procedure done within J2 
hours of injury if possible and through an 
anterior route rather than through the route 
described below This special group is com 
prised of those cases accompany mg disloca 
tion or subluxation of both bones backward 
at the elbow In these cases the radial head 
fragments are di placed anteriorly and 
there is marked swelling and tissue infillra 
tion over the front of the elbow joint mdi 
eating coincident capsular and brachialis 
anticus damage If unoperated or if oper 
ated on after 24 hours and through the usual 
route roughlv aO per cent of these cases 
develop vaning degrees of myositis ossifi 


cans in the brachialis anticus muscle and 
attached capsule with resultant disability 
If operated on before the lapse of 24 hours 
and through an anterior approach described 
below under operative technic the risk of 
such mvositis is practically ml — Ed ] 
Technic of Operative Removal of 
Radial Head A 2i/. inch incision is made 
on the lateral side of the elbow directly 
over the capitellum and head and neck of 
the radius The incision is deep-ned through 
the origin of the wrist extensors attached to 
the lateral epicondvle of the humerus 
These are spht longitudinalh to expo e the 
joint capsule This is then opened exposing 
the head and neck of the radius On opening 
the capsule a collection of old blood and 
joint fluid escapes Any loo “ bone or car 
tilaginous fragments must be picked out 
A thin curved elevator is then placed 
deep to the radial neck to afford counter 
pressure The neck is then divided trans 
verselv with a thin sharp osteotome about 
one quarter in h distal to the lower border 
of the head Bv alternately pronatmg and 
supinating the forearm as the cuts are made 
with the osteotome the line of resection is 
made circumferential This not onlv makes 
a cleaner transverse section of the neck but 
helps prevent sphUing off the deep cortex 
as a sharp spike If such a spike is left it 
may cause irritation and limited function 
and may also giv e rise to partial regenera 
tion of the neck and head 
Following remov al of the head the slumps 
of the neck may be treated in a variety of 
way s to minimize the risk of subsequent bone 
production Some surgeons turn in the orbic 
ular ligament or portions of muscle to cov er 
it others cauterize the cut end with the 
electrocautery or u'e fascia lata covering 
^ome sudi method seems advisable Lnder 
no arcumstances should the radial head be 
removed with a Gigh saw or filed smooth 
with a bone rasp Both these procedures 
increase the ri k of new bone formation 
WTien a fracture of the upper ulna ac 
companies a radial head fracture Magnu 



FRACTURES AND DISLOCATIONS 


908 

son advocates not removing the latter until 
the ulna is firmly united, in order that the 
radial head may give support in the mean- 
time and prevent angulation and shorten- 
ing of the ulna This would therefore neces- 
sitate putting off excision of the radial 
head until after the period of increased 
calcification had reached its maximum and 
was on the decrease. This would be some- 
where between nine months and a year after 
injury. If the ulna fracture is in the upper 
shaft and the fragments are angulated, it 
would seem more advisable to perform an 
open reduction on the ulna and fix it in- 
ternally and rigidly with plate and screws 
and at the same time remove the radial head 
through a separate incision. The single in- 
cision advocated by Speed and Boyd is an 
excellent one and adequate to care for both 
conditions (See p. 918 and Figs 766 
and 767.) 

This combination of fractures is vicious, 
and the ulna frequently continues to angu- 
late from constant muscle pull after closed 
reduction and splint immobilization This 
results in malunion or nonunion with 
marked loss of strength and function as 
well as deformity 


AFTEn-OARE 

Physiotherapy in the form of heat, mas- 
sage, early active motion, and immediate 
use are instituted as soon as the postopera- 
tive pain has subsided, and are kept up 
until maximum function is regained No 
splint is necessary following simple excision 
of the radial head [In the cases referred 
to above, with anterior displacement of the 
radial-head fragments associated with signs 
of damage to the anterior capsule and the 
brachialis anticus, the approach is via the 
incision shown in Fig 757 and described 
for anterior dislocation of the radial head 
After removal of the radial head and all 
loose fragments and thorough lavage of the 
operative area, the capsule and brachialis 
anticus are loosely closed, but the deep 
fascia is left completely unsulured to pro- 


vide for the prompt escape of any blood 
ooze or inflammatory exudate The skin 
and subcutaneous tissues are loosely ap- 
proximated and active motion is instituted 
as soon as the acute postoperative reaction 
has passed 

The procedure may also be done via a 
transverse incision from the front of one 
epicondyle to the front of the other —Ed 1 

TREATMENT IN CHILDREN 

In children, when there is no actual dis- 
placement of the radial-head epiphysis, the 
treatment is conservative as described 
above for similar fractures in adults. If the 
head is definitely tilted by a greenstick 
type of fracture in the neck of the radius, an 
attempt should be made to correct this by 
closed manipulation under general anes- 
thesia It IS often very difficult to do owing 
to impaction, but, by rotating the forearm 
under fluoroscopic control, the thumb can 
be used to straighten the neck as required 
If (here has been no correction aher a 
thorough attempt at reduction, do not op- 
erate, but continue as above conservatively 

It is not wise to excise the radial head in 
children even if widely displaced, because 
it contains the upper epiphysis and growth 
disturbance will usually result which may 
later cause trouble at the inferior radio- 
ulnar joint If the widely displaced head 
cannot be replaced by closed methods, open 
reduction should be resorted to, and the 
head should he replaced il possible and 
sutured or otherwise fixed in position This 
is followed at the end of two weeks by 
active motion, but not by massage. 

PROGNOSIS 

Proper removal of the entire radial head 
early does not interfere with the strength of 
the forearm and is less apt to show late 
disability due to traumatic arthritis than if 
the separated fragment alone is removed 
lyOte removal of the radial head often leads 
to the formation of myositis ossificans or 
undue regeneration of the head. This may 
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cause permanent loss of considerable useful 
function This should therefore be done 
immediatelj or not until after a \ear has 
elapsed 

The con'er\ati\e treatment of the milder 
radial head fractures gi\ ea excellent ana 
tomic s\mptomatic and functional results 
if the principles of earh actne motion 
ph) ';iotherap\ and u«e are carried out as 
described above 

TREATMENT OF SPECIFIC DIS 
LOCATIONS AT ELBOU JOINT 

Geveral 

Dislocations at anj joint o cur onh at 
the expense of tears in the ligaments and 
capsular structures of the jo nt In the 
elbow m addition there ma\ be laceration 
of the brachialis anticus niu<cle (he close 
association of which with the anterior cap 
sule has been stressed under the heading 
of elbow anatomv and general treatment 
problems The ulnar nerve is the most com 
monl) injured nerve and maj sometimes 
be caught within the joint at the time of the 
dislo'*ation or after reduction has been ac 
complished ith an anterior dislocation of 
the radial head a* ociated with fracture and 
angulation of the upper ulnar shaft and tear 
of the orbicular ligament the radnl nerve 
mav also be injured In discus«ing the treat 
ment of various elbow fractures it has been 
pointed out that dislocation of one or both 
bones at the elbow not infrequ^ntlv accom 
panies one of the«e fractures As the frac 
ture maj affect the t>-pe of treatment to 
be carried out for the di location and vice 
versa their recognition is extremelv impor 
tant The e have been di cu ed under treat 
ment of the specific fracture 

Before anj reduction of a dislocation is 
attempted it is worth while to spend se\ 
eral minutes testing for nerv e function 
(motor and «en«or\ ) of the ulnar median 
and radial nerves as well as in checking the 
pul e and circulation and comparing the 
injured with the oppo ite side The e^ist 
ence of an> nerv e legion maj alter consider 


abl> the proposed phn of treatment It is 
most embarrassing after reduction to dis 
cover a nerve palsj and not to know 
whether it has been the result of the orig 
inal injurj or cau ed bj too enthusiastic 
manipulation 

Alanv elbow dislocations if seen within 
the first 10 to IS minutes after injurj and 
before pain swelling and muscle spasm 
have set m n\a> be reduced ea il> b> 
simple downward traction upon the fore 
arm 

In general after the first half hour the 
onset of pain swelling and mu cle spasm 
usually makes a general anesthetic neces 
saT> or advisable 

In children dislocation must be carefully 
differentiated from supracondj lar fractures 
of the humerus with displacement 

Dislocations of Both Bones Backward 

Dislocation of the radius and ulna on the 
humerus is b\ far the commonest tjpe of 
elbow dislocation in both adults and chil 
dren The upper ends of the radius and ulna 
are displaced posteriori} on the lower et 
tremit} of the humerus and there ma> al'o 
be lateral or medial di placement In adults 
a fracture of the coronoid process of the 
ulna or a fracture of the radial head is 
often an associated le ion The medial col 
lateral ligament is alwavs torn allowing 
abnormal abduction of the forearm on the 
humenis In children an associated separa 
tion of the medial epicondjle epiph}sis of 
the humerus is often seen This is some 
times displaced within the joint and if it 
remains between the trochlea and the 
olecranon following reduction of the dis 
location operation is obligator} with re 
moval of It from the joint and reattachment 
to the humerus 

reduction 

Reduction of an elbow dislocation should 
be done as soon as po sible A\'here the in 
jur\ occurs on the athletic feld and the 
team surgeon is immediate!} available and 
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if he finds only a simple dislocation, he 
may reduce it on the spot by simple manual 
traction in a downward direction without 
anesthesia. Such reduction is not only pos- 
sible before pain, swelling, and muscle 
spasm have set in, but is advisable Follow- 
ing this and the application of an emer- 
gency splint, the patient should of course 
be sent for x-ray examination to rule out 
additional bony injury. 

Usually, however, a patient with a pos- 
terior dislocation of both bones is not seen 
and x-rayed until after pain and swelling 
have begun. By this time it is advisable if 
not absolutely necessary to perform the 
reduction under general anesthesia, because 
it is easier and painless with the muscles 
relaxed and also because it can be done with 
the infliction of much less additional 
trauma to the bones and the soft parts. 

The patient should be supine on the 
table under anesthesia. The forearm which 
is supinated is grasped just above the wrist 
while the elbow is kept in moderate ex- 
tension (140 to 160“). Downward manual 
traction is then made on the forearm while 
counter-traction upward on the humerus by 
an assistant is carried out to relax the bi- 
ceps muscle. If there has been lateral or 
medial displacement of the two forearm 
bones, this should be corrected by thumb 
pressure in the indicated direction prior to 
reducing the posterior displacement. When 
this is corrected, the traction and counter- 
traction are continued, and, at the same 
time counter-pressure on the front of the 
humerus is made by the palm of the hand. 
Each of these procedures should be slow, 
even, and steady— not jerky— and when 
muscular relaxation is complete the upper 
ends of the ulna and radius will slide be- 
neath the lower articular surface of the 
humerus into their normal position. Fol- 
lowing reduction it is possible to flex the 
elbow fully and freely. 

IMMOBILIZATION 

After reduction, immobilization is best 


carried out by the use of a posterior molded 
plaster-of-paris splint and sling The splint 
should be worn for approximately one week 
to ten days and the sling for an additional 
similar penod The splint should extend 
from the neck of the humerus to the meta- 
carpophalangeal Joints with the elbow 
flexed to less than a right angle Usually 
70 to 80" of elbow flexion is sufficient 

AFTER-TREATMENT 

The elbow should be removed from the 
splint three or four times daily after the 
first tvio days for lamp heat or for hot-water 
soaks. Care should be taken not to allow 
extension of the elbow to beyond 130" for 
at least two weeks in order to minimize the 
chance of redislocation. In adults gentle 
massage will help decrease the swelling and 
will also exert some sedative effect In chil- 
dren massage is not advised because of its 
tendency to predispose to the formation of 
myositis ossificans in the brachialis anticus 
muscle. Active motion within pain limits 
should be started within two or three days 
after reduction. Passive motion in my 
opinion is definitely harmful and contra- 
indicated in both adults and children, as it 
increases pain, causes muscular spasm, and 
increases hemorrhage in the torn brachialis 
muscle. 

With an associated fracture of the cor- 
onoid process, redislocation is apt to occur, 
because it is the tip of this coronoid that 
prevents the ulna from sliding posteriorly 
on the humerus except in forced hyper- 
extension. Treatment after reduction has 
to be altered slightly to take care of this 
fracture. The elbow should be immobilized 
preferably in more acute flexion (i e , 50 to 
60") and should be kept splinted for three 
to four weeks Extension beyond 90 or 100" 
should be limited purposely for four weeks, 
and extension beyond 150" not allowed for 
six weeks. The prognosis for a perfect elbow 
is naturally not so good owing to the neces- 
sity for longer immobilization and also be- 
cause there is an increased tendency with 
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coronoid fractures toward the formation of 
mjositis ossificans which in itself ma> give 
limitation of motion 

Certain other fractures are not infre 
quentlj seen associated with a posterior 
dislocation at the elbon The most common 
IS a separation of the medial epicondyle 
epiphjsis of the humerus in children which 
occasionally becomes displaced into the 
joint Fracture of the head of the radius is 
seen less commonly Either fracture may be 
serioub when associated with dislocation 
These and ner\e lesions associated with 
them are discussed under the treatment of 
each specific fracture 

DIS\BILIT\ TIME 

Tl ttliout an associated fracture the dis 
abilit> time in posterior dislocations runs 
from tno to three necks for light nork to 
four to five weeks for heavy work If tth an 
associated coronoid process fracture the dis 
abilit> time is roughly doubled 

PROGNOSIS 

In uncomplicated posterior dislocations 
at the elbow reduced earlj and treated as 
described the prognosis is usually e^el 
lent The most frequent «equel is slight loss 
of fle-vion and extension and deposition of 
calaum m the healed collateral ligaments 
There is as a rule no permanent disabil t> 
with 10 to 15' loss of either flexion or ex 
tension With associated injuries the prog 
nosis if these are treated properlj is also 
good with the exception of fractures of the 
radial head or of the coronoid process owing 
to the tendencj toward formation of mjo 
«iti3 Ossificans 

Unreduced Dislocations 
Old unreduced elbow dislocations are 
«enous injuries and after two weeks fre 
quentlj cannot be reduced b> anj closed 
method owing to swelling exudation and 
organization of blood clot and new fibrous 
adhesions Eliason remarks that an elbow 
dislocation grows old earlj and is usuallv 


impossible to reduce by any closed treat 
ment after ten daj s to tw o w eeks In these 
there are several procedures that maj be 
tried (1) Traction and manipulation (2) 
sham reduction (3) arthrotomj and open 
reduction and (4) arthroplasty 

TREATMENT 

If the dislocation is not too old (i e of 
less than two weeks duration) an attempt 
at closed reduction should be tried It is 
earned out b> prolonged steadj traction on 
the forearm in its axis with the patient well 
relaxed under general anesthesia After 
traction has been maintained for a full five 
minutes the elbow should be very gradu 
ally flexed while counter traction and back 
ward pressure on the humerus are kept up 
as described under reduction of fresh elbow 
dislocations \ second attempt at traction 
etc may be tried if the first is unsuccess 
ful If reduction is accomplished the elbow 
should be immobilized in flexion in a pos 
tenor molded splint for three to four weeks 
The after treatment is the same as with 
fresh dislocations but the return to func 
tion IS much more prolonged (two to four 
months) and motion is frequently limited 
permanently owing to the thickening of the 
pen articular structures and to adhesions 
within the joint 

If manipulative reduction fails in these 
unreduced dislocations or if the duration 
of the dislocation is so long that surgical 
judgment rules out attempting it several 
operative procedures may be performed 
None of these operations should be done 
however at a period when the x ray film 
shows marked evidence of myositis os 
sifican:> m the soft parts surrounding the 
joint If such ossification is seen it may be 
better to treat the elbow temporarily at 
least by the so-called sham reduction of 
Hugh Owen Thomas This procedure is not 
a reduction at all but merely flexion of the 
elbow to less than a right angle and holding 
It in this position for three weeks by a 
collar and cuff following which the patient 
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is encouraged to regain what motion he can 
at the false joint If no great amount of 
motion is recovered and disability is con- 
siderable, then an arthroplasty may be done 
after the period of increased ossification has 
ceased 

If it is impossible to reduce the old dis- 
location and if no mj'ositis ossificans is 
present, an arthrotomy and open reduction 
may be performed and is advisable. This 
applies more particularly to children than 
to adults because the> will respond to after- 
treatment better In adults an arthroplasty 
in very old unreduced dislocations is often 
better. 

Technic of Open Reduction (as de- 
scribed by Willis C. Campbell); 

An incision is made over the posterolateral 
aspect of the arm, beginning in the midline 
four inches above the olecranon process and 
extending down to just above the tip of the 
olecranon, thence slightly outward over the 
external condyle of the humerus, the head of 
the radius, and continuing two inches on the 
forearm The edges of the incision are elevated 
and retracted, exposing the tendinous insertion 
of the triceps muscle and the posterior sur- 
face of the elbow joint. 

The tendinous aponeurosis of the triceps 
muscle IS dissected out at its proximal end and 
turned downward as a tongue-like flap, re- 
maining attached to the olecranon. An incision 
is next made directly in the midline through 
the fibers of the triceps muscle down to the 
humerus, extending from three inches up on 
the shaft to the reflection of the joint capsule 
around the articular surfaces. All the muscu- 
lar attachments over the lower end of the 
humerus, both anteriorly and posteriorly, are 
stripped free, together with the periosteum 
The attachments of the joint capsule around 
the condyles of the humerus are then sepa- 
rated close to the bone If dissection is earned 
close to the bone the ulnar nerve rarely comes 
into view, but may be located and detached 
from its bed along the groove in the internal 
condyle, and retracted out of danger. Often 
there is considerable callus formation over the 
posterior surface of the humerus around the 
olecranon fossa, from stripping up of the peri- 
osteum at the time of the original injury, 
this callus with the scar tissue in the olecranon 
fossa is thoroughly removed. 


Having completely freed the lower end of 
the humerus and exposed the capitellum and 
head of the radius, the forearm is twisted with 
gentle pressure over the capitellum, causing 
the head of the radius to glide forward into the 
normal position If this is not readily accom- 
plished, the soft tissues should be dissected 
more widely, to obviate the necessity for the 
use of force and consequent danger of injury 
to the articular surfaces After the radius is 
reduced, the coronoid process may be slipped 
forward over the trochlea and reduction com- 
pleted The joint is then carried through the 
full ran^ of motion. The periosteum and 
muscles are closed along the posterior surface 
of the humerus, and the fascia is sutured over 
the head of the radius. The aponeurosis of the 
triceps muscle is sutured into its normal posi- 
tion or at a slightly lower level [See Figs. 
759, 760, 761, 762.] 

AFTER-TREATMENT 

Immobilization of the elbow at 90* in a 
posterior molded splint is carried out for 
eight to ten days. Following this and heal- 
ing of the operative wound the splint should 
be removed three times daily for baking 
(thermolite) or hot soaks, massage, and 
active elbow exercises. At the end of two 
and a half to three weeks the splint should 
be used only at night, the arm being carried 
m a sling during the day The splint should 
be worn at night only for another six to 
eight weeks to prevent or minimize con- 
tracture formation The exercises should be 
continued for four to six months or until 
the maximum strength and function has 
been regained. 

ARTHROPLASTY AT ELBOW JOINT 

As mentioned above in adults with an 
unreduced dislocation of two months’ dura- 
tion or longer, an open reduction rarely 
gives a satisfactory result. In these cases 
it is preferable to perform an arthroplasty 
It is not in the scope of this chapter to de- 
scribe in detail the technic of arthroplasty, 
as various methods are described elsewhere. 

In general, the elbow’ joint is exposed 
along the posterolateral aspect very much 
as for open reduction. The soft tissues are 
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reflected stibpenosteallj from the lower active motion in traction is started and en 
three inches of the humerus on all sides and couraged everj hour Heat and massage are 
hkewi e from the olecranon and head and also important at this time After removal 
neck of the radius The low er extremity of from traction the patient should be allowed 
the humerus and upper extremities of the up in a posterior molded «plint and sling 
radius and ulna are resected transversely to with the elbow at right angles Phjsio 
their axes bj a sharp osteotome removing therapy and activ e exercises must be earned 
approximatelj one and pne half inches from out now every two hours religiously by 
the humerus and ulna and somewhat le<s removing the splint temporarily for these 
from the radius The bone enda are then The splint need not be viorn in the daytime 
smoothed off with a rasp At this pomt one after the fifth or sixth week but should be 



Fig 7S9 {Lejt) Operation for old unreduced posterior disloca 
tion of elbow Exposure of tnceps aponeurosis and i olation of ulnar 
nerve (After Campbell ) (See ako Figs 760 761 762 ) 

Fig 760 {Rtghl) Triceps tendon dis«ected free and reflected dis 
tally Incision through muscle fibers to humerus Muscle stripped 
subpenosteally from shaft and both condjlcs of humerus completely 
mobilizing this portion of bone (After Campbell ) 

must deade whether he wishes to cover the worn at night until three months after 
bone ends with a fascia lata envelope in operation It is neces ao to contmue the 
order to create a false joint cavntj or not exerases and active u e for six months or 
Although some surgeons with wide expe longer until maximum function has been 
rience in arthroplastj operations do not do regained 
this it would «eem to be a desirable pro 
cedure to prevent bonj ankvlosis following 

the operation After closure of the wound The prognosis in unreduced elbow dis 
the elbow is immobilized in traction and locations is directlv proportional to their 
suspension m order to keep the newlj ere duration If thej come earlj enough to 
ated fake joint surfaces apart [For further reduce bj closed methods without force the 
di cussion of arthroplastv see Chapter IS J prognosis is relativel} good About the best 
After treatment The elbow should be that one can expect is 70 to 80 per cent 
kept m traction and suspension for from return of function If the dislocation re 
two to three weeks After ten davs e 3 rl> quires either open reduction or arthroplasty. 
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the results are never so good. A SO to 60 per 
cent return of function is the most that can 
be expected. Many with dislocations of long 
standing where fibrosis in and around the 
Joint is extensive and dense do not obtain 
better than 30 to 40 per cent return of 
function. The prognosis as to disability 
would depend on three things: (1) The pa- 
tient’s occupation, (2) his cooperation in 
securing the return of function, and (3) his 



humerus is a very rare lesion and is usually 
associated with an oblique fracture of the 
olecranon. 

TREATMENT 

If no fracture is present, reduction is best 
accomplished under general anesthesia by 
manual traction on the forearm in line wjth 
the deformity while an assistant gives 
counter-traction on the humerus While 
traction is continued one hand can be used 



Fig 761. (Left) Lateral view showing extreme limits of mobilization occasionally 
necessary for reduction of these old unreduced elbow dislocations. (After Campbell.) 

Fig. 762. (Right) Fibers of triceps muscle sutured following open reduction of an 
old unreduced elbow dislocation Aponeurosis of triceps is in process of be ng sutured. 
(After Campbell.) 


age. Children are much more apt to recover 
function and begin using the elbow than 
are adults. The important thing to remem- 
ber is that these are serious conditions and 
that as few days as possible should be lost 
after unsuccessful attempts at closed re- 
duction before the patient is subjected to 
open reduction. 

Forward Dislocation of Both Bones 

Forward dislocation of the ulna and 
radius on the lower extremity of the 


to cause backward pressure on the upper 
ends of the radius and ulna in the region of 
the antecubital fossa WTien the disloca- 
tion is reduced, the elbow should be immo- 
bilized in acute flexion (approximately 40 
to SO”) in a posterior molded splint for ten 
days. 

Such a dislocation if associated with a 
fracture may require open reduction. Closed 
reduction should be attempted first and im- 
mobilization carried out as described above 
This not only often reduces the fracture as 
well as the dislocation, but the acute flexion 



TREATMENT OF SPECIFIC DISLOCATIONS 


91S 


position for immobiluialion maintains both 
Another method of reduction is bj skm 
traction on the forearm with the elbow m 
extension (Fig 763) However, if closed 
reduction or skin traction in extension are 
unsuccessful, or if the dislocation recurs, 
open reduction should be reported to with 
fixation of the fracture fragments as de- 


ls a fracture Active exercises can be started 
as soon as the splint 1 = removed and gradu- 
all> increased A sling should be worn for 
from seven to ten da} 5 after removal of the 
splint In adults without an associated frac- 
ture the splint should be worn for ten dajs, 
but active exercises, thermolite or hot 
soaks, and massage should be started three 



Fic 763 Dunlop 5 method of skin traction to forearm in re 
ducing badlj di placed supracond>lar fractures No'e posterior 
pull on shaft of humerua along with dis'al and anterior pull on 
lower fragment of bumerus Bed shou'd be tilted to opposite “ide 
to effect counter traction (Courtesj, Dunlop, J Jour Bone and 
joint Surg, 21 69 ) 


<:cribed under the treatment of the specific 
fracture It is the fracture that ^o often 
causes recurrence of this dislocation In 
adults It maj be advisable to treat the 
fracture and the dislocation b} immediate 
open reduction, as earlier active motion can 
be instituted and functional return will be 
more nearly complete 

ATTER TREATMENT 

In children the elbow should be kept m 
the cplmt for ten dajs if no fracture is 
present and for three to four weeks if there 


or four dajs after the injurj and increased 
gradual!} 

In operated ca es with firm internal fix 
ation of the fracture no splint at all is nec- 
essarj The elbow is immobilized in a sling 
only at about 70 to 80° Active motion is 
begun after three days and physiotherapy 
given as m the unoperated cases Extension 
actively beyond 120° should be guarded for 
the first three weeks to prevent redisloca- 
tion of the radial head anteriorly After 
that time extension can be gradually and 
progressively increased 
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PROGNOSIS 

This varies with the extent of the soft- 
part stripping of the anterior capsule and 
brachialis anticus muscle associated with 
the forward dislocation. Such stripping is 
apt to lead to thickening of the anterior 
capsule or to myositis ossificans, therein 
causing limited flexion and extension It is 
rare that full elbow function is regained 
after such an injury. A very useful elbow, 
however, may be expected if the joint is not 
immobilized over a prolonged period and 
active exercises are begun early. In cases 
associated with fracture and also in those 
requiring open reduction the prognosis for 
function is never so good as in the simple 
dislocation, owing to the additional strip- 
ping of the soft parts at operation. 

Divergent Dislocation of Radius 
AND Ulna 

This is also a very rare lesion, of which 
there are two types: the anteroposterior, 
where the ulna lies behind and the radius 
in front of the humerus ; and the transverse, 
where the ulna lies to the medial and the 
radius to the lateral side of the humerus. 
In either type there is extensive damage to 
the ligaments and other surrounding soft 
parts. 

TREATMENT 

Reduction is affected by applying manual 
traction on the forearm with the elbmv 
hyperextended and by manipulation, re- 
placing first the ulna and then the radius 
by manual pressure If reduction of both of 
the bones is affected by this procedure, the 
elbow should be immobilized at approxi- 
mately 70 to 80° of flexion in a posterior 
molded splint and sling. Should it be impos- 
sible to reduce either of the bones or hold 
both in reduction by this method, open 
reduction should be undertaken, because 
soft-part intervention is likely, especially 
a torn orbicular ligament that has folded on 
itself between the radial head and tbe lesser 
sigmoid fossa of the ulna. At open reduc- 


tion the ligaments should be repaired after 
reduction is obtained and the elbow should 
be immobilized as in closed reductions. 

AFTER- TREATMFNT 

Owing to the extensive ligamentous dam- 
age and to possible partial tear of the inter- 
osseous membrane, the elbow must be kept 
in the splint for approximately three weeks 
and at night for another two weeks Physio- 
therapy from the start in the form of baking 
(thermolite) and hot soaks, three to four 
limes a day, massage once a day, and mild 
active exercises after the first week are 
important in reducing soft-part patholog}’ 
and in regaining function. This routine 
should be carried out intensively for the 
first two to three weeks, following which 
the active exercises are stressed more than 
(be heat and massage Passive motion or 
forced manipulations to increase elbow 
motion are inadvisable because of their 
tendency to add further soft-part damage 
and to cause pain and muscle spasm inter- 
fering with functional return 

PROGNOSIS 

Because of the severe trauma involved in 
this type of dislocation, producing extensive 
soft-part damage, the prognosis must be 
guarded. There is by virtue of this damage 
a marked tendency toward redislocation, 
especially of the radius. There is also a 
tendency toward the formation of myositis 
ossificans in the brachialis anticus muscle 
and to calcification in the healed capsule, 
either of which may cause some limitation 
of flexion and extension at the elbow joint. 
Not only is function more often impaired, 
but also the disability time is prolonged 
(three to four months). 

Anterior Dislocation of Radial Head 

Anterior dislocation of the head of the 
radius is most commonly associated with 
fracture of the middle or upper third of the 
shaft of the ulna, the apex of the angulation 
directed toward the volar surface of tbe 
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forearm This combmalion of fracture and 
dislocation is often =poken of as Mon 
teggias fracture It occurs far more fre 
quentl> m children than in adults If the 
apex of the ulnar angulation points toward 
the dorsal surface a fracture of the radial 
head rather than a dislocation is the usual 
sequence occasionally the radial head dis 
locates laterallj or postenorlj but never 
anleriorlj 

The radial head maj dislocate by tearing 
through the orbicular (annular) ligament 
or this ligament may remain intact and the 
radial head may pull out from beneath it— 
1 e through the distal margin of this Iiga 
ment In either case the articular surface 
of the radius no longer articulates with the 
capitellum The orbicular ligament whether 
tom or unlom may he behind the dislo 
cated head of the radius Becau«e of this 
the reduction may be verj difficult b> closed 
manipulation or difficult to maintain by an> 
position of flexion after manipulation It 
will b» impossible to reduce it at all to those 
cases where the head has pulled out from 
beneath the orbicular ligament Some au 
thon say that it can alwa}s be reduced by 
closed methods but ca«es have been seen 
where even at open reduction the orbicular 
ligament had to be divided before actual 
reduction of the radial head could be ac 
complisb‘’d 

In the position of anterior dislocation 
the radial head mav cause enough pressure 
on the radial nerve to bring about a pa 
ralj-sis of the wrist and finger extensors 
(posterior interosseous nerve) 

The importance of the diagnosis lies in 
the recognition of the dislocation This is 
not always as easv as it mav «eem particn 
larly when there is an obvious deformity of 
the midshaft or upper shaft of the ulna 
Here the x ray s taken may not include the 
radiohumeral articulation in good lateral 
projection and one s attention becomes cen 
tered all too readily on the obvious fracture 
of the ulna It should be axiomatic that 
once a fracture of the upper ulna ts ««en 


wi h angulation and no fracture is ^een in 
the radial shaft either a dislocation or frac 
ture of the radial head must be considered 
to be present until olherwrie disproved by 
adequate lateral x ray films of the elbow 
joint 

The best way to make this diagnosis or 
to rule It out is to have x ray films taken 
of both elbows in the lateral position The 
axis of the shaft of the radius when pro 
jected upward normally passes through the 
center of the capitellum regardless of the 
amount of flexion or extension at the elbow 



Ftc 764 Illustrating normal axis of 
shaft and head of radius (A) passing 
through center of capitellum m lateral 
Mew and anterior dislocation (6) of 
head of rad us associated with fracture 
of uppei shaft of ulna with anterior 
angulation of latter (This combination 
i> commonly known as a Monteggia 
fracture ) 

If this IS not the case a diagnosis of radial 
head dislocation is obvious (Fig 764) This 
applies to children as well as to adult 
elbows 

TRZATVENT 

Closed Reduction This is often possi 
ble The angulation of the ulna fracture 
should be corrected befo'^e reduction of the 
radial head is attemp d The raoial head 
IS then manipulated into position with 
thumb pressure over its anterior aspect 
while manual traction and adduction on the 
forearm i* carried out "Maintenance of this 
reduction is then held by immobilizing the 
supinated forearm in a posterior molded 
<plint with the elbow in about 70* of 
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flexion. It is important, however, to be 
sure that angulation of the ulna fracture 
does not recur. If it does, one may expect 
to see the radial bead redislocate Post- 
reduction x-rays should be repealed in one 
week and again at t^o weeks to make sure 
redislocation has not occurred 
Time of Immobilization. This should be 
in the neighborhood of from three to five 
weeks, or, in other words, until the healing 
of the ulna fracture is sufficiently strong to 
preclude further angulation of this bone. 
Following the removal of the plaster splint, 
the elbow should be carried in a sling for 
another ten days to two weeks, during 
which time active motion (flexion and ex- 
tension) must be practiced and encouraged 
every one or two hours. 

Open Reduction. This may be resorted 
to immediately as the best form of treat- 
ment if proper facilities and technic are 
available. It will be obligatory when it is 
impossible to reduce or hold reduced the 
head of the radius by closed methods, or 
where some time aften^ard (one to two 
weeks) the head again redislocales WTiere 
any nerve involvement is present, open re- 
duction is the safest and surest method for 
treating both conditions 
The approach for open reduction is 
through an anterior Z-shaped incision over 
the anterolateral aspect of the elbow joint 
(Fig. 757). This allows a relatively blood- 
less exposure of the lateral side of the elbow 
joint and the radial head via an intermus- 
cular approach. The radial nerve and all its 
muscular branches can be retracted later- 
ally and thereby kept from danger of injury. 
The recurrent branches of the radial artery 
and vein must be divided, but otherwise the 
approach to the joint is free of vessels The 
radial head and neck should be lifted for- 
ward and the torn orbicular ligament re- 
tracted, or, if untorn, it should be divided 
and retracted to allow reposition of the 
radial head in the lesser sigmoid fossa of 
the ulna. The torn ends of the orbicular 
ligament are then approximated in front of 
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the head and sutured with mattress sutures 
of silk The remaining capsule is closed 
where necessary with interrupted fine silk 
sutures. The wound should be closed in 
layers as usual. 

The angulated ulna fracture may be re- 
duced closed or by open reduction at the 
same time, depending upon the circum- 
stances of ease of reduction and of main- 
tenance of reduction. It is frequently wise 
to apply internal fixation by metal plate 
and screws to the ulna in order to insure 
that the good job of open reduction on the 
radial head may not be spoiled by subse- 
quent angulation of the ulna. 

In order to avoid the necessity of making 
a second incision for open reduction on the 
ulna fracture, the approach recently de- 
scribed by Speed and Boyd is an excellent 
one. It exposes the fracture site in the ulna 
and the dislocated radial head adequately 
through a single incision and also gives 
ample protection to the deep branch of the 
radial nerve. The Incision Is started one inch 
above the Up of the olecranon on the lateral 
margin of the triceps tendon. It then fol- 
lows this tendon distally to its insertion, 
thence along the subcutaneous dorsal mar- 
gin of the ulnar shaft as far as necessary. 
The periosteum of the ulna is split and this, 
along with the anconeus and supinator mus- 
cles, is elevated subperiosteally from the 
dorsolateral surface of the ulna. The deep 
fibers of the supinator muscle are divided 
close to the ulna. By doing so, the deep 
branch of the radial nerve (which lies be- 
tween the superficial and deep layers of this 
muscle) is reflected along with the muscle 
and retracted out of danger. The ulna frac- 
ture is then reduced, and, if necessary, fixed 
with a plate and screws. The radial-head 
dislocation is likewise reduced and the or- 
bicular ligament repaired with silk sutures. 

If this ligament is too tom to repair, a 
strip of deep fascia one-half inch wide by 
four inches long attached at its upper end 
to the ulna may be passed around the neck 
of the radius and sutured to itself to form a 
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new orbicular ligament (Figs 76S, 766 
767) [For the reconstnicti\ e repair of late 
cases this is an eTcelknt approach For 
earlj ca'^es manv men prefer the dual ap 
proach — Ed ] 

Following open reduction the treatment 
IS the same as for the closed method CTcept 
for the fact that actue e^era es and U'e 
are started at the end of three weeks if 
internal fixation has been emploj ed but at 
five to SIX weeks if do ed methods have 
been emploved 


Late Cases (Old Untieduced Dis 

LOCATIONS OF RADIAL HEAD) 

In late unrecognized cases of antenor 
dislocation of the radial head there maj be 
no symptoms or complications Follow up 
examination and x ray films •'how an en 
larged mushroom shaped radial head This 
ma> impinge on the humerus m acute 
flexion giving limited motion and pain or 
It may slide outward past the lateral 
humeral condvle on flexion and cause no 



1 




Fio *'65 Lateral view of acute fracture of ulna with 
dislocation of head of radius in patient aged 20 >ears 
(Courtesj Speed J S andH B Bojd Jour Amer Afed 
A«o 115 1699 ) 


If a radial nerve palsj is present the 
hand and fingers should be cocked up in 
an extension «plint to aid recoveiy The 
cock up splint mav be made of molded 
plaster-of pans bandage and «hould be ade 
quate to prevent flexion of the wnst and 
fingers It 'should extend from the upper 
forearm to bejond the fingertips «hould 
hold the wn«t in approximatelv 4a* of 
extension and should keep the fingers and 
thumb fuUj extended Posterior mtero «eous 
nerve palsv or paralvsis mil usuallj re 
cover m from four to eight weeks if thus 
treated When activ e finder and wnst exten 
■Sion are recovered the ’^plmt maj be dis 
carded but not before 


sjTnptoms If It causes sjTnptoms or dis 
ability It should be remov ed Another com 
plication due to unreduced antenor radial 
head dislocation is a late ulnar nerve palsy 
manifested bj hj’pesthe^ia along its terminal 
’sensory distribution or mtero «eous muscle 
weakness in the band or both The mecha 
m«m of this late ulnar nerv e disturbance 
(and It has been ob erved as late as nine 
jears after mjurj) is due to the increased 
carrv mg angle of the forearm m the absence 
of the normal stabilizing influence of the 
lateral «ide of the joint This increased 
carr 3 mg an^le when the elbow is fully ex 
tended causes the olecranon to impinge 
medially upon the ulnar nerve eventually 
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■Stpip oC detp fateia r«fl«et«d from th« forearm, Itoving Its bfls« otteehed, 
prcximol(y, to tK« uino 



Fig 766 (To^) Drawing of incision descnbed in the text Anconeus and supinator 
muscles ha\e been reflected from ulna, rexealing head and neck of radius \ strip 
of deep fascia has been elevated from forearm and left attached proximally (Courtesy, 
Speed, J S, and H B Boyd Jour Amer. Med Asso , IIS 1699 ) 

Fro 767 {Bottom) Operation completed Fracture of ulna has been reduced and 
a vitallium plate applied for fixation. The strip of fascia has been passed around 
neck of radius and sutured to itself, forming a sling for maintaining reduction of head 
of radius (Courtesy, Speed, J S., and H. B. Boyd. Jour Amer Med Asso, 115 1699 ) 
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contusing it or causing mflammator} thick- edit, Philadelphia, W B Saunders Co , 


enmg of the fibrous sheath over it due to 
repeated trauma The increased carrjTng 
angle maj al'o cause stretching of the ulnar 
nerve If the condition is progressive (and 
It should be watched verj carefully) it may 
be relieved bj operative transplantation of 
the ulnar nerve anterior to the media! con 
djle of the humerus 

SuBLtrcATioN OF Radial Head 
This condition, often called a “pulled 
elbow, occurs almost entirel} in children 
under the age of sit j ears It is caused bj 
sudden lifting pulling, or jerking on the 
child s arm Pain and refusal to u^e the arm 
are characteristic symptoms There is no 
deformitv and no localized tenderness The 
T raj picture discloses no bone or joint 
pathologj The actual lesion probablj con 
si'ts of a partial subluTation of the radial 
head with possiblj a pinching of a sjnovial 
fold 

TREATMENT 

The treatment consists of reduction bj 
steadj, slow, complete supination of the 
forearm with gentle outward pressure on 
the radial head Immobilization in a sling 
lor one or two dajs alter reduction is 
sufficient 

FROCNOSIS 

The prognosis is cTcellent for full func 
tion and use 
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Treatment of Fractures of Bones of Forearm 

Paul B Magnuson, M D. 


WATOAIY AND PHYSIOLOGY* 

In the approach to treatment of fractures 
of the bones of the forearm, just as m frac 
tures elsetrhere in the bod>, there are 
certain fundamental factors to be con 
sidered, namely, the relation of the frac- 
tured bones to the adjacent structure^ and 
the potential influence of surrounding tis- 
sues upon the reduction and maintenance in 
position of the bones themseUes The ulna 
must be considered an extension of the arm 
downward to the nrist, concerned in mo 
tions of strength at the elbow The radius 
must be considered an extension of the hand 
upward, concerned in motions of dexterity 
of the hand Despite the fact that the radius 
has attached to its upper end a strong flexor 
of the elbow (the biceps), the ulna receixes 
and transmits motions of force o\ er a broad 
surface to the lower end of the humerus 
The radius rotates around the ulna, there 
being a joint between the two bones at the 
end of each To a\oid (1) angulation be- 
tween the fragments, (2) difference in rota 
tion between the fragments, (3) shortening 
of either bone without commensurate short 
ening of the other bone, and (4) to pre=er\e 
the normal arc of rotation of the radius 
around the ulna, fractures of the«e bones 
must be accuratelj reduced 

The angular pull of certain mu^des— 

•The imtenal under the beading Anatomy and 
Phjsiology should be read in connection with each 
fracture described m order to ha\e m mind the 
prmaples on \shich this injury is to be treated. 


namelj, the pronator quadratus, pronator 
teres, supinator brevis, and biceps— has a 
tendency to displace the bones laterallj 
toward each other, to flex one fragment 
without flexing the other, and to rotate one 
fragment without rotating the other, de 
pending on the location of the fracture 
Further, the strong fibrous membrane de 
scendiDg obliquely downward and inward 
from the interosseous ndge of the radius 
to that of the ulna starts about one inch 
below the tubercle of the radius and extends 
to the wrist It «er\es to connect the bones 
and to increase the extent of the attach 
ment of the deep muscles In some cases 
there is an extra lajer m the middle of the 
forearm which descends from the ulna to 
the radius toward the wrist, in a direc 
tion contrary to that of the other fibers 
(Fig 768) 

It wiU be seen, therefore, that there is a 
complicated muscle attachment, with cross 
pull as well as longitudinal pull of the 
flexors and extensors of the wnsl and 
fingers Also, the inlerO'Seous membranes 
complicate matters if the fragments are 
badlj displaced, because there is no method 
with which the author is familiar (except 
open reduction) which will replace the ends 
of the fragments if anj of them are en 
tangled m this membrane 

In addition to the'e factors there is a 
strong fascia completely surrounding the 
forearm, extending from the elbow to the 
wrist A complete fracture of the bones of 
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the forearm always causes severe hemor- 
rhage around the ends of the fragments, 
which results in immediate and rapid swell- 
ing and bulging of this surrounding fascia 


consideration it will be seen that there may 
be lateral displacing effect by muscle pull 
(pronators and supinators) , longitudinal 
displacing effect (flexors and extensors) , 
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Fig. 768. {Top) Muscles of foieam exerting significant influence, and interosseous 
membrane. Note direction of fibers in interosseous membrane. 

Fig. 769. {Bottom) Relations of forearm bones to one another at various levels in 
supination and in midrotation This is a guide to the position of immobilization at the:e 
levels. 


and the muscles beneath it. This in itself rotating effect (pronators and supinators) : 
shortens the distance between the elbow obstruction to replacement by entanglement 
and the wrist by causing the fascia to bulge of fragments in the interosseous membrane . 
out essentially in the form of a triangle, and obstruction to longitudinal replacement 
When all these factors are taken into by distension and consequent shortening of 
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the fascia surrounding the forearm In 
order to obtain, a satisfactory result these 
circumstances must be overcome if they 
exist Thorough understanding of the anat 
omy mechanics, and phj siologj of the 
forearm is essential to an anal} sis of any 
fracture or combination of fractures or 
displacement This is necessarj before re 
duction IS attempted or an> decision is 
made as to the best method of treating the 
fracture at hand (Fig 769) 

General Considerations 

Fractures of the forearm should be con 
sidered emergenc} cases Tbej should be 
reduced promptlj and properlj as soon as 
the patient can be brought to a place where 
he can be anesthetized or local anesthesia 
can be used between the fragments under 
proper surgical technic If it is impossible 
to bnng about proper reduction b> an} 
dosed method, operation should be per 
formed as soon as the patient can be placed 
in proper surgical surroundings and surgt 
cal hands The bones of the forearm are 
small in diameter, intricate in mechanism, 
and more or less fragile The} n lU not stand 
too much manhandling Therefore, the 
earlier the operation is performed the less 
conttacture of muscles and the greater ease 
of reduction 

A separate masion should be made for 
each bone and the approach should be where 
the bone lies closest under the skin, with 
the incision shghtl} displaced so that the 
skin will not become adherent immediately 
o\ er the bone The muscles should be ^epa 
rated and not lacerated in the dis^^ection 
The ends of the fragments should be 
brought together accurate!} and fixed in 
such a wa} that muscle pull will not again 
displace them This ma} «ound «imple, but 
not infrequently it is a matter of consider 
able technical skill and judgment because 
of the size of the bones and the difficult} of 
fitting mechanical apparatus to the acute 
curve of the arcumference The average 
bone instruments are much too large for 


the radius and ulna and, if an instrument 
does not fit It is eas} to displace one group 
of fragments while adjusting those of the 
other bone 

If the fracture has remained unreduced 
for some time while skin abrasions are heal 
mg there may be difficult} m bringing the 
fragments end to end because of the con 
traclure of the controlling muscles Inas 
much as it is necessary to provide fixation 
that will resist angulation as well as rota 
tion, the splinting apparatus, whatever may 
be chosen, must be firm and remain firm in 
its hold on the bone until sufficient callus 
has formed at the fracture site to immo 
bilize It permanentl} 

Choice of Material for Fixation 

For an oblique fracture probabi} the 
simplest method of fixation is b} one or 
more screws of metal ivorj, or bone, the 
screws being put through at various angles 
so as not to permit pivoting or rotation 
In other words the} should not be placed 
parallel to each other or m a direct line 
with each other if it is possible to avoid 
this Transverse or slightl) comminuted 
fractures, I believe, are best treated by a 
plate with not less than four and prefer 
ably SIX, boles 

The choice of plate is important Non 
electrolvtic material such as vitalhum is 
ccrtaml} preferable Vitalhum honever, is 
a cast metal and will not permit of bending 
or twisting and is sometimes very difficult 
to fit to the small circumference of either 
the radius or the ulna Further, with the 
vitalhum plate it may be necessar} to cut 
a bed in order to make the plate fit 
accurate!} 

Dr WiUiam Darrach and Dr Clay Ray 
"Murray have introduced a steel of high 
nickel, Ion-chrome content which is ver} 
thin for Its strength and sufficiently pliable 
to be bent, with rather heavy instruments 
to allow more or less molding This is the 
most satisfactor} internal fixation appa 
ratus of Its kind that the author has found 



926 TREATMENT OF FRACTURES OF BONES OF FOREARM 


The average Sherman plate as made by 
many instrument makers is unreliable in 
composition, and the author has seen too 
many either break or bend, depending on 
the temper of the metal, to trust anyfliing 
but a highly specialized metal plate to apply 
on bone. [This was true to some extent of 
the Sherman plate when made of vanadium 
steel. They are now made of a chrome- 
nickel stainless steel plus a small percent- 
age of molybdenum which renders them 
tough, malleable, and nonirritating in the 
tissues. They are now very satisfactory See 
Chapter 22. — Ed.] The screws used in any 


out through the opposite side of the other 
fragment in a plane at right angles to that 
of the screws which fasten the plate. [This 
is the method which was introduced as a 
routine procedure some years ago on the 
Fracture Service of the Presbyterian Hos- 
pital in New York City.— Ed ] 

Insertion of the screws at various angles, 
obliquely, as described above, risks strip- 
ping of the thread against the edge of the 
screw hole in the plate during the insertion 
By one means or another, however, the 
torsional strain must be met to secure ade- 
quate fixation and to minimize the risk of 



Fio. 770 Monteggia fracture with characteristic displacements. 


of these plates should be of the machine- 
screw type with a tap end, and should be 
long enough to reach from the surface of 
the plate through the opposite cortex. If 
these screws can be put in at a slight angle 
it will take up the torque, relieve the 
threads of strain by opposing the angle of 
the screws, and prevent loosening of the 
screws, as sometimes occurs when thq^ are 
put in in the same line and are parallel to 
each other without provision against tor- 
sional strain. 

Instead of inserting the screws at various 
angles, one can insert them all at right 
angles to the surface of the plate, but pro- 
vide against torsional strain by a cross- 
fixation screw running from one side of 
one fragment across the fracture line and 


absorption about the screws. The long nar- 
row plate with six-screw fixation and screw 
cross-fixation is possible through the use of 
screws of smaller caliber than the screws 
used in larger bones, and which cut an 
accurate thread in a drill hole made by a 
standard No. 41 drill instead of the No. 32 
or 33 drill used for the ordinary screw. 
[See Operative Reduction and Fixation, 
Chapter 22. — Ed.] 

A plate should never be put on the bone 
immediately under the skin. It should be 
covered by muscles so that the ultimate 
scar in the skin will lie to one side or the 
other of the bone This prevents irritation 
and adhesion of the skin to the immediately 
underlying bone, which is always uncom- 
fortable and certainly does not favor 
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prompt and nonimtated healing [See Op 
erative Reduction Chapter 22 —Ed ] 

In the discussion of treatment of the 
various fractures of the bones of the fore 
arm the basic principles set forth in this 
introduction must be considered in their ap 
plication to the individual fracture 

FRACTURE OF UPPER THIRD OF 
ULNA AND FORWARD DISLOCA 
TION OF HEAD OF RADIUS 
In this complication of displacement (see 
also Chapter 31) the orbicular ligament 
around the head of the radius is tom and 
the radial head is displaced forward and 
impinges on the anterior surface of the 
lateral condyle of the humerus The distal 
fragment of the ulna is also carried for 
ward at the time of injury and the distal 
end of the upper fragment forma with it 
an angle pointing volarly and open dorsally 
(Fig 770) 

Reductiov 

With the elbow flexed and with counter 
traction applied to the front of the humerus 
at its lower end traction should be made on 
the forearm It is usually easiest to apply 
this at the wrist joint The radius is pulled 
downward and at the «ame time the head 
of the radius is pressed backward by the 
thumbs of the operator It is usually not 
difficult to press the head of the radius 
down into what seems to be its norma] 
position In order to hold it in this position 
the elbow must be brought into extreme 
flexion otherwi<e the biceps pulls the head 
forward again almost immediatel> 
Sometimes the orbicular ligament folds 
in under the head of the radius and prevents 
its replacement In such a ca«e it is neces 
sary to open the radio ulnar joint and then 
reduce the head and suture the ligament — 
or at least hold the arm m acute flexion to 
prevent redislocation of the head of the 
radius after the orbicular ligament has been 
replaced in proper position 
The ulna maj remain displaced after re 


duction of the head of the radius The 
tnceps IS attached to the upper fragment 
posteriorly at the upper end The brachialis 
anticus pronator teres and supinator brevis 
are attached lower down anteriorly, and the 
interosseous membrane between the ulna 
and radius complicates the handhng of the 
upper fragment to the extent that it is 
necessary in the majority of cases to do 
an open reduction and operative fixation 
The fractures are usually transverse or 
short oblique and are not easily fixed by a 
single screw Therefore a plate applied in 
accordance with the principles described 
above on the flat side of the bone (which 
IS the medial side) will often best solve 
the problem 

If the position of the ulna can be main 
tamed with the elbow in suffiaent flexion to 
keep the radial head reduced the arm is 
immobilized in that position Immobiliza 
tion can best be accomplished by plaster 
extending along the dorsum from the level 
of the axilla down to and including the 
•wrist and the base of the hand •with the 
forearm m full supination This postenor 
plaster splint will suffice and will fit better 
than the usual commercial splint Care 
should be taken not to cau«e pressure over 
the olecranon or the bony points of the 
condyles The plaster should be supported 
by a second strip of plaster or adhesive 
extending from the wrist to the upper end 
at the level of the axilla to overcome the 
tendency of the elbow to come into exten 
sion This position can be attained or held 
only if the radius is completel> reduced 

No force should be applied m putting the 
arm m full flexion if the head of the radius 
is properly reduced no force will be neces 
saty The skin fold on the flexor surface of 
the elbow should be protected with a very 
light pad and it is advisable to leave the 
fold of the elbow exposed so that skin 
maceration may be prevented If a postenor 
splint and a strip of supporting material 
between the wrist and the upper end of 
the «plint on the upper arm as described 
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above is used, it will leave an open triangle 
through which this can be done. 

Immobilization in this position should be 
continued for from three to five weeks to 
allow healing of the ligaments supporting 
the head of the radius. After this time re- 
laxation of acute flexion may be attempted 
very gradually and without force, by simply 
straightening the splint and allowing the 
patient to carry the arm in a sling, still 
maintaining support over the full length of 
the ulna. If the dislocation has been oper- 
atively reduced, the orbicular ligament su- 
tured, and the ulna fixed with a plate 
firmly, then relaxation of the acutely flexed 
position may be started in from ten days 
to two weeks. 

Some men advise that tbe ulna first be 
fixed by operation as described, and that 
the radial head then be exposed and the 
orbicular ligament repaired through an an- 
terior incision. This advice is based on 
finding in a respectable proportion of the 
cases operated upon that the torn orbicular 
ligament lies in a folded mass completely 
behind the radial head when the latter is 
replaced, or that the radial head has but- 
tonholed the capsule anteriorly without 
rupture of the orbicular ligament, and lies 
with intact capsule between it and its 
normal position. 

In the former instance the threat of 
chronic dislocation or subluxation when the 
elbow is extended is eliminated by fishing 
the torn ends of the orbicular ligament from 
behind the radial head with a small sharp 
hook, and suturing them together in front 
of the radius with fine silk sutures. In the 
latter instance, the intact capsule, which 
prevents replacement of the head, can be 
longitudinally incised, the head replaced, 
and the capsular rent repaired. [The an- 
terior approach used is described and illus- 
trated under Fractures Involving the Elbow 
Joint, Chapter 31. — Ed.] 

If it is necessary to resect the head of the 
radius after the ulna has united, it can be 
done through a short radio-ulnar longi- 


tudinal incision and division transversely 
of the radio-ulnar ligament. With a thin 
sharp chisel the radius is cut at its nar- 
rowest portion, just below its contact with 
the ulna at the upper end The radial nerve 
lies anterior to and toward the ulna from 
the radius at this point, and the chisel must 
stop before it is driven beyond the proximal 
cortex By rotating the radius, the succes- 
sive chisel cuts will section the whole cortex 
rvithout danger to the nerve. 

It is the author’s opinion that operative 
fixation of the ulna is the procedure of 
choice in these injuries provided the head of 
the radius can be reduced completely. If 
this cannot be accomplished, the joint 
should be opened and the orbicular liga- 
ment sutured before the ulna is operatively 
fixed. Otherwise it is very difficult to reduce 
the ulna and hold it in reduction. Reduction 
of the head of the radius, therefore, should 
be complete, and it should be firmly held 
as the ulna is fixed. 

It may be that, although the ulnar frac- 
ture so fixed heals in perfect position, when 
the elbow Is removed from fixation appa- 
ratus it will be found that the head of the 
radius is ankylosed, or that it redislocates 
on extension of the elbow. Removal of the 
head is indicated if ankylosis has occurred. 
This should not be done, however, until the 
ulnar fracture has firmly united If it is 
removed prior to union, the author knows 
of no way to hold the ulnar fragments in 
alignment They will angulate in spite of 
almost any external fixation Even if the 
head of the radius is damaged at the time 
of the original injury and its ultimate re- 
moval seems inevitable, it should be left 
in place in order to buttress the ulna while 
it is beating. [The procedure for removal 
is described under Fracture of the Head of 
the Radius, Chapter 31.— Ed.] 

If, upon releasing the arm from fixation 
in Oexion, the head of the radius redislocates 
when the elbow is extended, it may be 
replaced or resected subject to the pro- 
visions of the previous paragraph. If any 
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angulation or shortening of the ulna has 
occurred during the period of fixation, how 
ever, operative replacement of the radial 
head cannot be done unless the ulnar de- 
formity IS corrected operalivel> at the '^me 
time, as described above 

FRACTURE OF SHAFT OF ULNA 
WITHOL*T FRACTURE OF 
RADIUS 

Above Insertion of Pronator Teres 

If the fracture is transverse or nearly 
transverse so that there is good abutment 
at the ends of the fragments it may be 
reduced by straight traction and counter 
traction It is advantageous to apply coun 
ter traction by placing a strong muslin 
bandage or sheet around the patient s bodv 
at the level of the ajolla and tyang him to 
the table on the side opposite the fracture 
A bandage loop may be thrown around the 
patient s wrist and over the shoulder of the 
operator This leases both hands free for 
manipulation and steady strong «mootb 
traction may be applied with both band> 
free to jockey the fragments into position 
As previously stated the pronators and 
supinators have a minor effect on irac 
tures of the ulna above the pronator tere^ 
and once this simple fracture is m align 
meat fixation with a arcular plaster or 
padded molded «plint in the position of 
right angled flexion and midpronation will 
Usually suffice to retain the fragments The 
immobilization should extend from the 
metacarpophalangeal junction to the axilla 
If the arm is held in too much flexion the 
triceps may tend to angulate the fragments 
posteriorly This can be ov ercome b\ 
further extension of the arm 

The immobilization is required for from 
<;ix to eight weeks during which time active 
u«e of the hand and fingers and of the 
shoulder should be enforced The «boulder 
stiffness which often results m adults from 
the constant weanng of a sling is thereby 
avoided Following removal of the plaster 


active exercise aided by the usual physical 
therapy measures is u«ed and the expected 
period of disability is from six to ten weeks 
to give the soft tissues a chance to become 
flexible and regain their strength 

Below Insertion of Pronator Teres 

Fracture of the shaft of the ulna below 
the pronator teres is somewhat more diffi 
cult to hold in position because of the strong 
pull of the pronator quadratus (Fig 768) 
wbidi has a definite tendency to bring the 
radius and ulna into approximation In this 
location the triceps has le«s effect 

Reduction is made in the manner above 
described but jt is more difficult to hold 
After reduction by traction and counter 
traction a double board iplint with firm 
padding which pres«es between the radius 
and ulna is the most satisfactory method of 
treatment The splints must be kept firm 
by bandages and must not press on the 
radius or ulna laterally but rather have a 
tendcn^ to force the muscles of the fore 
arm between the radius and ulna by the 
pressure of the central padding with the 
arm between midrotation and full prona 
tion (Fig 771) 

It la best to include the elbow m the 
splinting to preveat too free use of the fore 
arm It may be found that the position of 
full pronation will be necessary to prevent 
the pronator teres from displacing the ulnar 
fragment toward the radius (Fig 768) The 
external immobilization will be extended 
just slightly above the elbow and need not 
run as high as in fractures of both bones 
of the forearm The u«e of arcular plaster 
IS not advised because of its tendency to 
press the radius and ulna together thereby 
aggravating the tendencv of the ulnar frag 
meats to move toward the radius 

After the fragments have become par 
tially united the elbow may be removed 
from the 'splmt and exercised at frequent in 
tervals but the hand should be held in pro- 
nation unbl all chance of angulation toward 
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the radius has been eliminated by solid In dther of these fractures, if it is im- 
bony union. It has been the author’s experi- possible to reduce the fragments and hold 
ence that these fractures heal rather sltnvly. them in reduction by closed methods, open 
Prognosis should be guarded, and iramobili- operation should be performed within the 



Fig. 771. Forearm splinting to insure maximum separation of in- 
dividual bones Note absence of any force tending to compress bones 
laterally in (C). In (A) an inside L-splint is used to immobilize 
elbow. (B) depicts method of sling suspension. 

zation should be continued until there is first ten days after injury. The operative 
sufficient callus to hold the fragments in approach to fracture of the ulna is simple 
position. This will be not less than ei^t because the ulna lies immediately under 
weeks in most cases, and in some cases will the skin in its full length. Incision is made 
be three to four months. on the extensor surface immediately over 
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the extensor carpi ulnaris, which lies more 
dorsal from the ulna than % entral The dor 
<:al «:urface of the bone will be found more 
nearlj flat than the \ entral The flexor pro 
fundus digitorum extends around anteriorly 
and both these muscles maj be retracted 
subpenosteally to expose the ends of the 
fragments as much as necessary to bnng 
them into proper alignment and rotation 
The plate should be fixed beneath the 
muscles not under the skin and the incision 
should be made preferablj to one side «5o 
that It will not run immediatelj o\er the 
bone where it lies just under the fascia In 
the lower part of the forearm the loasion 
is made lateral and a little anterior to the 
ulna with the arm in pronation, because in 
this location the anterior surface of the 
ulna IS more nearlj flat than the posterior 
surface and the plate ma} be applied more 
easily 

There should be no occasion to approach 
the ulnar nerve if the muscles are separated 
subpenostealI> from the bone since the 
nene lies antenorlj just under the flexor 
carpi ulnaris 

Fixation and treatment is the same fol 
lowing operation as is that described in the 
closed method 

The ulna is small m diameter and some 
what irregular, but usually a narrow plate 
with not Ie«s than four screws can be 
applied finni} to the side of the bone, and 
this IS the fixation method advised The 
plate should never lie immediatelj under 
the skin It should be buried beneath the 
muscles [See Operative Reduction Chap- 
ter 22 —Ed ] 

FRACTURE OF SH^FT OF RADIUS 

Above Insertion of Pronator Teres 

Fracture of the radiua m this location 
should be reduced as is fracture of the ulna, 
except that it should be immobilized in 
complete supination with the elbow at a 
right angle to relax the pull of the biceps 
and the supinator teres, which are both at 


tached to the upper fragment In other 
words, the upper fragment is entirely under 
the control of its mu=cle attachments, and 
the lower fragment must be brought into 
alignment and rotation with the upper frag 
ment 

Transverse fractures may be treated bj 
immobibzation m the tj^pe of splinting re 
ferred to above under fracture of the upper 
ulna, and the after care is the ‘^ame as for 
those cases Obhque fractures, howev er, will 
need more careful supervision, because if 
the radius is even moderately shortened 
with the ulna intact, the radio ulnar joint 
at the lower end of the two bones will be 
distorted, with tbe threat of subsequent 
pain on forced rotations Correction of a 
rotation deformitj also must be perfect, or 
the dexterity of the hand will be affected 
bj the loss of either pronaticm or supma 
tion depending on the degree of discrepancy 
m the rotation relationship of the frag 
ment« 

If shortening of the radiUs and rotation 
defornul> cannot be accurately controlled 
b> any do ed method, open reduction 
should be resorted to, and this should not 
be dela>ed be>ond the first week It is ex 
tremel> important to the dexterity of the 
hand to have complete and normal function 
in the radius Therefore no halfway meas 
ures should satisfy the surgeon since they 
wiU not satisfy the patient if the arm is 
disabled 

Pin in plaster methods (that is with one 
or more pins inserted m each of the frag 
ments to control rotation of the radius) 
may be useful in a very limited number of 
cases The author feels that there is no 
more nsL m opemng a fracture and fixing 
it with a plate than there is m drilling two 
to four holes through the soft ti^ues and 
bone, and allowing pins fixed m plaster to 
remain in position for weeks Further, thc'C 
bones are sometimes fragile and the frag 
ments can be disrupted by twisting and 
piyang in an effort to get them back into 
position IMsere there is rotation and over 
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lapping and angulation to overcome, the 
pins are not satisfactory. 

Below Insertion of Pronator Teres 

After reduction by traction and counter- 
traction, as described for the ulna, the arm 
should be held in right-angle flexion at the 
elbow, with the hand halfway between pro- 
nation and supination Fixation should be 
made either ^vith anterior and posterior 
molded splint from the axilla to the hand, or 
with circular plaster over the same area. 
In all fractures of the forearm the author 
prefers pressure exerted between the bones 
with avoidance of all pressure on either side 
ai\d, if circular plaster is used, he frequently 
puts on an anteroposterior padded board 
splint to maintain the anteroposterior pres- 
sure and relax lateral pressure. It makes a 
clumsy dressing so far as the sleeve of a 
garment is concerned, but it holds the 
muscles firmly between the radius and ulna 
and has a tendency to prevent synostosis 
(Fig. 771). 

Immobilization should be for not less 
than eight weeks. Frequently these frac- 
tures take much longer to establish union. 
Fingers and thumb should always be open 
and should be kept moving in flexion and 
extension, which promotes the drculation 
and inhibits the formation of adhesions 
around the delicate tendons and sheaths 
controlling the fingers 

Frequent checking with x-rays is neces- 
sary to assure that the lower fragment of 
the radius is not pulled out of position by 
the action of the pronator quadratus. If 
this becomes evident, and it is impossible 
to overcome it by traction and counter- 
traction, open operation should be per- 
formed 

There are undoubtedly some cases in 
which the pin-in-plaster method, heretofore 
referred to, is applicable. In a compound 
or badly comminuted fracture, pins in- 
serted into the main upper and lower frag- 
ments can be used to reduce and adjust the 
fragments, after which the pins can be in- 


corporated in the fixation cast. In the hands 
of those who are skillful mechanically the 
method might be preferable to any other. 
It is difficult to lay down rules for any frac- 
ture or group of fractures, but the pin-in- 
plasler method should be kept in mind as a 
possible solution of a bad situation. 

The plate method, however, is usually 
most satisfactory, and, as said before, the 
plate should have not less than four screws 
inserted, two above and two below the frac- 
ture. If the fragments can be firmly locked 
together, sometimes it is unnecessary to 
place any retention within or on the bone. 
It depends entirely on the serration at the 
ends of the fragments and how well they 
can be fitted one into the other. Caution: 
This is not true, however, in most fractures 
of both bones of the forearm, because if the 
support of the opposite bone is lost, rotation 
and angulation may take place and the 
muscle pull will distort the fragments even 
when they have been well apposed. 

FRACTURE OF BOTH BONES OF 
FOREARM 

If open reduction is decided upon, the 
approach to the radius is more complicated 
than the approach to the ulna (Fig 772). 
In its upper half, the radial nerve lies 
anterior to and toward the ulna from the 
radius and, especially in the upper third, 
can be injured by instrumentation. It sui>- 
plies the brachioradialis and the extensors 
of the wrist, which lie anterolateral and an- 
terior with the hand in supination Looking 
at it from above, with the hand pronated it 
throws the radius almost under these 
muscles, so that the approach can best be 
made posterior and a little lateral, between 
the common extensors of the fingers and 
the extensor carpi radialis. The former is 
then retracted toward the ulna and the 
latter is retracted in the opposite direction. 
Since this dissection is carried out in the 
extensor compartment no vessels or nerves 
will be encountered except the superficial 
branch of the radial. Injury to this nerve 


FRACTURE OF BOTH BONES OF FOREARM 


933 


vail result in impairment of <iensation but 
no loss of motor function Belov- the upper 
third there is little or no danger of injunng 
any part of the radial nerve because below 
this point It vs practically nothing hut a few 
sensory fibers 


sheaths should be retracted The tendon 
sheaths should not be opened unless the> 
have been injured at the time of fracture 
There should be gentle retraction with 
smooth retractors and the plate should be 
placed on the flexor surface Attention is 


Interosseal n.fc ^ 

Radial ai-n 



Extensor 
poll brev m 


Fig 772 Operative routes for forearm bones at upper and lower levels 
These routes insure minimum laceration to tissues and maximum avoidance 
of important vascular and nerve structures 


If a plate is applied after open reduction 
it should be placed on the dorsal surface 
considering the hand in supination In frac 
lure below the middle, the approach nia> 
be in line with the thumb on one or the 
other side of the radius, but not iromedi 
atelj over the bone The tendons with Iheir 


called to the fact that below the middle this 
bone IS quite flat on the posterior surface 
and in this location the plate can be buried 
m deeper position and more easil> fastened 
The length of time for immobilization is 
the «ame in both upper and lower fractures 
Although the upper one usually heals in 
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less time than the lower, there is no fixed 
rule, and the cross pull of the pronators and 
supinators is always to be reckoned with. 

Immobilization apparatus should always 
extend above the elbow, with an angle at 
the elbow to prevent pronation and supina- 
tion. In the upper fracture midposition is 
best. In fracture around the middle, full 
pronation is sometimes advisable. This must 
be selected for the individual case. It is 
advantageous here also to use two well- 
padded rather stiff board splints (one an- 
terior, the other posterior) supported by 
plaster which extends above the elbow, be- 
cause compression of the radius and ulna 
toward each other is to be exerted to force 
the muscles of the forearm between the 
bones, thereby in some measure controlling 
the constant tendency of the pronator 
quadratusto bringthem together (Fig. 771). 
(See Fracture Reduction in Chap. 22.— Ed.) 

Prognosis in fracture of the radius should 
be guarded as to the length of time before 
union. 

Without Displacement 

Fracture of both bones of the forearm 
without displacement, or with very slight 
displacement, may be treated by circular 
plaster, with the forearm preferably at a 
right angle with the upper arm midway 
between pronation and supination, or by 
a combination of splint and cast — that is, 
anterior and posterior board splint sur- 
rounded by plaster. As in all fractures in- 
volving the forearm, the plaster or other 
immobilizing apparatus must extend above 
the elbow, preferably to the axilla. Only in 
this way can rotation of the radius be pre- 
vented and normal relationship maintained, 
so far as rotation is concerned, between the 
fragments. 

With Displacement 

It is not always possible to reduce a frac- 
ture of both bones of the forearm by direct 
traction or by manual manipulation. The 
method of employing traction and manipu- 


lation is that described above for fracture 
of a single bone 

Traction may be extended over a longer 
period with the patient in bed or on a table, 
by the use of weights if manual efforts fail 
(Fig. 773). A snug felt cuff is placed around 
the wrist, with canvas or adhesive plaster 
applied over it, and the forearm is sus- 
pended perpendicularly at a right angle to 
the upper arm, which is in abduction 
Counter-traction may be applied to the 
lower end of the humerus by weights hung 
over the upper arm with the elbow extend- 
ing beyond the side of the bed or table, or 
by a sandbag of considerable weight laid 
across the flexor surface of the upper arm 
as close to the elbow as possible. Continuous 
traction may thus be made over a period 
of hours or days— preferably hours— until 
the muscles are sufficiently stretched to 
allow the fragments to be brought end-to- 
end. 

While this heavy traction is being ap- 
plied, the patient should receive an opiate 
or anesthetic, which will facilitate the re- 
laxation of the muscles. It may be advan- 
tageous to use 20 to 30 pounds of traction 
for 24 hours rather than less weight for a 
longer period. Any excess weight is removed 
when reduction has been attained A circu- 
lar plaster is applied from the axilla to the 
metacarpophalangeal joints as the arm is 
suspended in traction with the elbow at a 
right angle and the forearm in the degree 
of rotation which seems best for main- 
tenance of that particular fracture. In the 
upper third it will be supination; in the 
middle third, midway between pronation 
and supination; and in the lower third, 
from midway between pronation and supi- 
nation to complete pronation. Attention is 
again called to the fact that immobiliza- 
tion apparatus should not come below the 
metacarpophalangeal joints. 

Here again, before traction is removed 
it will be found of advantage to put on a 
double board splint while the arm is still 
in suspension, and then incorporate the 
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uhole in a plaster casing Once reduced, the 
fracture should not be tampered Avith If a 
good strong bonj union occurs m two 
months the result maj be considered happy 
if It takes longer it is not unexpected 
Fluoroscopic Msualization m reduction 
when the muscles ha\e been stretched, is an 


sor surfai^, will hold the position better 
than one wrapped «nugly at the sides The 
latter has a tendencj to press the bones 
toward each other 

If the surgeon is a good engineer, thor 
oughl} ver'sed in geometry and trigonom 
etry, he may u e the pm m plaster method 



Fic 773 Traction suspension for forearm and Colles’ fractures 
(A) By wnst and hand cuff (B) by Kirschner wire through 
metacarpal bases 


adiantage when it can be used The fixed 
traction has the ad\antage of allowing the 
application of circular plaster under anes 
thesia when the fragments are reduced with 
out changing the position, as plaster may be 
applied o\er the forearm and upper arm 
without disturbing the suspension or trac 
tion It will be found that a circular plaster 
which is not wrapped too tightl>, but which 
IS molded to be more or less flat from front 
to back and presses on the flexor and exten 


with some success m fracture of both bones 
of the forearm The authors experience, 
howe\er, has been that while one fragment 
IS being manipulated in the other shps out, 
and he prefers to fasten each bone and be 
sure It will stay nhere it has been placed 
{See Chapter 22 for placement and method 
of use in pm and plaster —Ed ] 

Oper-^tive Treatment 
In fracture of both bones of the forearm, 
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if one or both bones are badly comminuted 
or badly displaced, with the ends caught in 
the muscles or interosseous membrane, it 
will sometimes be found impossible to re- 
duce the fracture by any closed method. 

In such cases open reduction should be per- 
formed as soon as this decision can be 
reached. It should not be delayed beyond 
ten days, and if the decision as to the neces- 
sity for operation can be arrived at before 
that time it is advantageous. The author 
believes that if possible the operative pro- 
cedure should be started on the ulna, and 
this bone should be firmly reduced and 
fixed before the radius is exposed. The 
radius is then more easily handled. 

In these cases, also, a plate of proper 
temper and length is preferable. If the frac- 
ture is oblique and is not comminuted, 
sometimes two screws long enough to pene- 
trate both sides of the cortex will suffice 
instead of a plate. The screws should be 
exactly the length of the diameter of the 
bone at the place they are inserted. Screws 
protruding between the fragments do not 
add to the probability of good function. The 
author has found that some form of non- 
irritating metal, such as vitallium, is best 
for this purpose Screws of ivory or beef 
bone must be larger in diameter than the 
standard metal screws to insure strength; 
the stronger metal screws can be of smaller 
diameter than those used in the Ubia and 
femur. 

The incision over both radius and ulna 
should be at a point just lateral to the place 
where the bone lies closest to the skin. It 
should not be immediately over the bone, 
and the plate should be placed beneath the 
muscles. Care should be taken to follow 
intermuscular planes, so as not to trauma- 
tize muscles or tendons, because the dis- 
ability is in direct proportion to the amount 
of damage to these structures which tends 
to interfere with dexterity in the hand and 
fingers. The approaches have already been 
described under fractures of the individual 
bones (Fig. 772). 


OF BONES OF FOREARM 

It is advisable to fix both bones when 
operative procedure is resorted to. It is fre- 
quently found that if the ulna is first fas- 
tened snugly with a plate, the radius is 
much more easily reduced and held In the 
author’s experience after one bone is fixed 
the other is much more easily reduced, but 
it is usually the first bone exposed that is 
the difficult one to reduce and hold in re- 
duction. After this is accomplished the other 
responds to manipulation more easily. 

In all fractures of the forearm the ex- 
ternal immobilization apparatus, whatever 
it may be, should not extend beyond the 
metacarpophalangeal joints. The fingers 
should remain exposed and should be exer- 
cised regularly. The necessity for exercise 
should be impressed upon the patient, and 
even though the muscles are sore the fingers 
should be kept moving in complete flexion 
and extension, starting immediately after 
operation. 

Postoperative fixation should be by an- 
terior and posterior board splints supported 
by plaster, which extends from the meta- 
carpophalangeal joints to the axilla, with 
no lateral pressure on either radius or ulna. 
Early motion of the fingers should be en- 
couraged and the immobilization period 
should be not less than eight weeks. 

COLLES’ FRACTURE 

Under this classification have come to be 
grouped the fractures of the lower end of 
the radius, although technically this is an 
error. Colies’ fractures are practically al- 
^vays impacted and not infrequently there 
is disintegration of cancellous bone struc- 
ture sufficient to cause shortening Fre- 
quently the fragments are so impacted and 
locked together that no amount of straight 
traction will suffice to permit proper re- 
duction. It is difficult to obtain perfect 
relaxation with local anesthesia in these 
fractures, and complete anesthesia should 
be induced. 

The first move in reduction is to break 
up the impaction. This should be done thor- 
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oughlj, and the simplest method is to place 
the thumbs on the dorsal surface of the 
wrist the ends of the thumbs meeting o\er 
the line of fracture With the fingers 
grasped around the flexor surface of the 
wrist and hand, the impaction is broken up 
by levering the fragments backward in the 
direction which tends to increase the de- 
formity uhile concomitant strong traction 
IS made This manipulation is carried to a 
point where the fragments are entirely loose 
and feel more or less like a bag of bones 
under the skin [Thorough disimpaction of 
the fragments is of vital importance Many 
men however prefer another method of 
accomplishing it because of the tendencj 
iheoreticall} at least of additional damage 
to the posterior cortex of either fragment 
bj forced dorsiflexion of the lower one The 
same gra«p of the wrist and hand is used 
and under strong distalward traction rock 
ing and rotation maneuvers are earned out 
If these fail m disirapacting the fragments 
the procedure desenbed above is resorted 
to -Ed ] 

WTien this has been accompli«hed the 
traction should be directed distalward in 
line with the long axis of the radius with 
the thumbs still m the same position WTien 
the posterior edges of the fragments have 
been brought into contact in which \oIar 
ward pressure on the lower fragment and 
dorsalward pressure on the upper maj help 
the rrnst «houId be flexed and inclined to 
ward the ulna This manipulation brings 
the fractured surfaces exactly in contact 
provided there has been enough traction 
before the fragments are brought into align 
ment The hand should be fixed in moderate 
flexion of the wrist with ulnar deviation 
and held there with either a palmar or 
dorsal splint of plaster or metal which 
extends from the elbow to the metacarpo 
phalangeal joints onl j Activ e use of fingers 
elbow, and shoulder should be encouraged 
from the beginning 

A sugar longs 'splint is advantageous m 
come cases to fix the e fractures This is 


simply a plaster mold extending from the 
metacarpophalangeal joints up the dorsal 
surface of the hand and arm around the 
back of the lower end of the humerus and 
brought down over the flexor surface to the 
metacarpophalangeal joints 

There are other ways to reduce this frac 
ture but if this manipulation is properly 
carried out a reduction will be obtained in 
almost every instance If the cancellous 
bone at the lower end of the radius has been 
badly damaged by crushing at the time of 
fracture there may remain some shortening 
which IS impossible to overcome because of 
actual disintegration of the bone This is 
especiallj true in elderly patients If this 
IS sufficient to cause readily discernible 
lowering of the ulnar head in relation to the 
radius with disturbance of the lower radio 
ulnar joint relationships the method:* de 
scribed below under comminuted fractures 
into the wrist joint should be considered 
and put into use if the attendant circum 
stances warrant it The risk involved in 
Doncorrection is that of pain on forced 
supination at the wrist 

The reduction should be checked by 
X ray before plaster is applied in order to 
determine whether there is any loss of 
length comparing the levels of the distal 
ends of radius and ulna and to determine 
that the lower articular surface of the radius 
slopes downward and fonvard at the nor 
mal angle If it is at a right angle to the 
long axis of the radius or is directed even 
slightiv dorsalward further flexion of the 
wrist IS indicated 

The length of time of immobilization of 
the fracture depends on the type of fracture 
with which one is dealing In young indi 
viduali where there is almost a transverse 
fracture a few days of complete immobili 
zation followed by two or three weeks of 
partial immobilization are frequently suffi 
aent because there is no tendency to dis 
place the bones In elderly individuals 
where there has been crushing of bone and 
the ends frequently do not fit together well 
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it might be justifiable to immobilize them 
for from three to six weeks. It is the au- 
thor’s opinion that the length of immobili- 
zation does not lead to more disability in 
these cases than does too early motion. 

In older people particularly the length of 
immobilization may depend upon the degree 
of flexion in which the wrist is placed. That 
is, if an extreme degree of flexion is neces- 
sary to maintain the articular face of the 
radius in the proper plane, then this posi- 
tion should be changed to a more neutral 
one in one to two weeks, depending on the 
tendency to recurrence. To leave the wrist 
in a position of acute flexion until there is 
x-ray evidence of bony healing is a certain 
way to get marked limitation of extension, 
which will in all probability be permanent. 
Therefore, the minimum and maximum 
time of immobilization in Colles’ fracture 
or its modifications is something to be care- 
fully considered. 

After-treatment with motion and massage 
can be started very early if the fragments 
are supported by someone who knows how 
they should be supported in order to pre- 
vent recurrence of deformity, and if this 
can be carefully done motion can be started 
in many cases in from five to ten days with 
great advantage to the subsequent function 
of the hand and wrist. This should not be 
turned over to inexpert hands; it should 
be done by the surgeon or someone who is 
competent, who Jia5 seen the x-rays and 
who knows the individual case. 

It is of great advantage to put on a 
molded plaster splint, held with straps, or 
two molded plaster splints held in the same 
way, which can be easily removed by the 
patient. After the first to the third week, 
depending on the type of fracture, the pa- 
tient removes the splint three to six times 
a day and floats the hand and lower part 
of the forearm in hot running water, exer- 
cising the wrist and fingers with voluntaiy 
motion only, allowing the hot water to run 
directly on the wrist and radius, and in- 
creasing the heat gradually. The author has 


seen no shiny, glossy hands occur when this 
treatment was applied during the second 
ten days after a fracture, and continued; 
nor has he seen any atrophy of the bone 
which occurs so frequently with long im- 
mobilization or too early mobility under 
adverse circumstances. 

Reversed Colles’ Fracture 

Occasionally a Colles’ fracture occurs in 
reverse and, instead of the lower fragment 
being displaced backward and upward, it is 
displaced forward and upward. In such 
cases the mechanism of reduction should be 
reversed, and the mechanism of immobiliza- 
tion, instead of bringing the hand down- 
ward in flexion and ulnar deviation, should 
bring It Into extension with ulnar deviation, 
or at least into the midpoint between flexion 
and extension. 

COMMINUTED FRACTURES OF 
LOWER END OF RADIUS 
INTO WRIST 

These fractures are frequently impacted, 
the fragments are considerably distorted 
with the lower end of the radius spread 
out, and the fracture sometimes extends 
into the radio-ulnar joint. These cases must 
be thoroughly disimpacted before reduction 
can be effected. Frequently it is necessary 
to maintain traction for as long as two to 
four weeks, because there is no stable abut- 
ment of the fragments and, therefore, the 
muscles of the forearm which have their 
insertion in the hand constantly tend to 
shorten the radius After disimpaction has 
been thoroughly carried out there are three 
methods of procedure to maintain traction . 

1. A cuff made of half-inch wool felt is 
carefully molded and sewed around the 
lower end of the radius and the base of the 
carpus. The hand is suspended by this cuff 
to an overhead pulley which carries from 
six to ten pounds of weight. Counter-traction 
is made by placing a sandbag across the 
lower end of the humerus, the extensor 
surface of the humerus being held to the 
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bed and the sandbag acting as counter 
traction It maj be necessarj, in order to 
mold the fragments back into position to 
anesthetize the patient Local anesthesia 
IS of more \alue m these ca<;es than m 
impacted Colles’ fracture because the ones 
thetic will filter between the fragments The 
ligaments extending from the carpus o\er 
the lower end of the radius will help greatlj 
in molding the fragments in what fre 
quently amounts to a jigsaw puzzle in the 
lower end of the radius Traction must be 
mamtained until the fragments are ‘shown 
bj X ray to ha\ e become more or le^s 
homogeneous and ‘^olid enough to withstand 
the displacing effect of the mu'^cles of the 
forearm (Fig 773) 

2 The traction force ma> aLo be ap 
plied through a wire in'erted through the 
bases of the second third fourth and 
fifth melacarpals This is best done under 
general anesthesia With the patient’s hand 
m pronation, an a^aistaot flattens out the 
palmar arch of the metacarpal bases and 
holds the thumb «harpl> adducted out of 
the wa^ Through a one eighth inch skin 
nick the wire is dmen from the thumb side 
directlj across through the ba«es of the 
metacarpals to emerge on the ulnar side 
This has ad\antages over insertion of the 
wire more distalh The wire goes through 
practically a solid block of cancellous bone 
instead of through ‘5ucce‘;3ne Lard cortical 
shafts on the surface of each of which skid 
ding of the wire ma\ occur, and, the bases 
of the bone:, being in clo«e apposition, there 
IS no risk of hitting \e«sels or ner\es l>nng 
between them as is the ca'e more distally 
In addition there is no damage possible to 
lumbncales or intero««ei The ^vire and the 
attached xoke then ser\e in place of the felt 
wri't cuff as described abo\e (Fig 773) 

3 Instead of the u^e of the wire traction 
combined with cu«pen«ion and counter 
traction as de«cribed abo\e, a fixed traction 
incorporated in plaster ma\ be used After 
the wire throuah the four metacarpal ba'^es 
has been placed, a 'econd wire is passed 


through the radius at about its midportion, 
and manual distraction exerted on the jokes 
attached to the two mres to regain normal 
length of the radius \\TuIe this is mam 
tamed by an assistant the fragments can be 
molded b>' the surgeon ^Mien satisfactory 
position by fiuoroscope or x ray has been 
obtained, a circular plaster is applied from 
below the elbow to the metacarpophalangeal 
junctions, incorporating both wires The 
manual distraction is maintained until the 
plaster has hardened enough to firmly hold 
the wires The proximal wire can be placed 
through the olecranon process, if so desired 
Lse of the elbow and fingers is thus allowed 
with fixed maintenance of length, and the 
patient is made ambulatory 

It IS extremeU important to replace the 
fragments and maintain them in place until 
con«oIidation has taken place, otherwise 
there will be serious disability of the hand 
and wrist 

Atter treatment 

A arcular plaster ma\ be applied in the 
suspension cases as soon as it is certain that 
the fragments will not displace The plaster 
should be carefully molded and should be 
applied while traction is maintained Semi 
pronation is the position of choice with 
the cast not extending bevond the meta 
carpophalangeal joints Under any circum 
stances earlx motion of the fingers should 
be instituted Flexion and extension of the 
wnst should be started as soon as the frag 
ments are firm enough to warrant it, with 
the aid of the usual physical therapeutic 
measures 

Immobilization m plaster in the«e cases 
is necessarily longer than in the uaual low er 
radiu:. fractures, since the callus is soft and 
compressible for some time Six to eight 
weeks IS none too long for immobilization 
for thii kind of fracture in this location 
and there should be x ray evidence of filling 
in of the defect before support is remo\ed 
If the double wire fixed in plaster is used, 
from SIX to eight weeks is the time usually 
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needed for retention of the plaster support. 
Wrist function is slow to return because of 
adhesions which form between the radius 
and carpus and the tremendous fibrosis 
which occurs in the ligaments surrounding 
the wrist. Long disability is the rule. Three 
months would be a relatively short dis- 
ability in this type of fracture and, even 
with good physical-therapy treatment, it 
may run much longer and result in some 
permanent disability. 

OBLIQUE FRACTURE OF LOWER 
END OF RADIUS INTO WRIST 
JOINT 

To the casual observer this appears to be 
a simple fracture, but when it is remem- 
bered that the brachioradialis muscle is in- 
serted in the tip of the radius, it will be 
seen that relaxation of this muscle and 
counter-traction to its displacing effect are 
necessary. Full supination of the hand and 
strong ulnar deviation with palmar dexion, 
and fixation in this position with the plaster 
extending above the elbow, is necessary 
after reduction in some cases to hold this 
small fragment in position. This necessi- 
tates the use of circular plaster from the 
metacarpophalangeal junctions to include 
the elbow flexed at right angles. The frag- 
ment becomes fixed in from ten days to 
three weeks, and when it has come to this 
stage motion may be started at the wrist 
joint. Bivalving the piaster is the safest 
way. It is possible to begin pronation and 
supination and allow some voluntary flexion 
if, on manual examination, the fracture 
seems to be firmly fixed The use of phys- 
ical therapy may help in this. 

Complete removal of plaster should be 
delayed until the fragment is firmly fixed 
From four to eight weeks may be necessary, 
but usually six weeks is sufficient, espe- 
cially in younger individuals. 

DISTORTION OF RADIO-ULNAR 
JOINT 

On the integrity of the radio-ulnar joint 


depends much of the dexterity of the hand, 
and if this joint is distorted there is loss 
of pronatlon or supination or both The dis- 
tortion may be caused by fracture of the 
lower end of the radius into the joint, or 
by shortening of either the radius or the 
ulna without comparable shortening of the 
other bone. The ulna serves as a pivot plane 
around which the radius rotates at its lower 
end, and in any injury to the lower end of 
Ihe radius and ulna this joint should be 
carefully examined , if only one bone is frac- 
tured, the joint should be examined to 
determine its integrity. If there has been 
shortening of the radius without shortening 
of the ulna following fracture, the ligaments 
of this joint are almost certain to have been 
injured, and if the joint surfaces are not 
properly replaced and held in position the 
supporting ligaments will not hold them 
after healing. This results In a very weak 
hand and wrist 

In a case of distortion injury a felt pad 
should be placed laterally on the ulna and 
one on the radius These pads should not 
meet over the flexor or extensor surfaces, 
but (he radius and ulna should be bound 
firmly together, preferably with adhesive 
tape, prior to the application of the plaster 
and immobilization of the fracture. This 
cannot be done, however, until the fracture 
has been reduced. 

Late repair of rupture of the ligaments 
supporting the radio-ulnar joint is unsatis- 
factoiy. The joint can be supported by a 
loop of fascia fastened around the ulna, 
crossed over the dorsum of the hand and 
brought back through the radius, and fas- 
tened again anteriorly over the radio-ulnar 
joint The author has never seen a case, 
however, that did not have some permanent 
disability after this operation, although it 
strengthens the joint to some extent, it does 
not establish a complete cure. [Ulnar head 
resection, subperiosteal, uniformly relieves 
these cases. It is described below under dis- 
ruption of the inferior radio-ulnar joint.— 
Ed.] 



MALUNITED FRACTURES OF FOREARM 


941 


UNUNITED FRACTURE OF BONES 

OF FOREARM 

In ununited fracture of one or both bones 
a bone graft applied in a ^ ay that will 
thoroughlj immobilize the fragments and 
hold them in position is imperative The 
choice as to the tj'pe of graft should be 
based almost entirely on its ability to pro 
duce effective immobilization It has been 
the authors experience that a heavy onlav 
graft meets the requirements better than 
anj other t>pe The bones of the forearm 
are small in diameter and an inlay graft 
has to be too small and therefore too fragile 
to maintain the position of the fragments 
against the pull of the muscles 

I\Tien the enda of the fragments have 
been prepared equalized in length and 
brought into proper rotation and alignment 
they should be held m this position with 
damps of proper size and shape to conform 
to the curves of the radius and ulna After 
the fragments are firmlj fixed b> these 
clamps It will be found that plaang the 
graft on the dorsum of both radius and 
ulna IS easiest from the standpoint of the 
operator A flat surface should be made on 
one side of each bone with an abutment 
at each end against which the encL of the 
graft will fit The abutment surface should 
be at a right angle to the long axis of the 
bone The graft should be measured to the 
smallest fraction of an inch to fit perfectl> 
between the two end abutments An at 
tempt should be made to put it where it 
will not come immediatel> m contact with 
the line of inasion on the skin otherwise 
It makes little difference where it is placed 
so long as it is tight and sta>s that wa> 
It should then be ^crewed firmlj in place 
with at least two <!crews in each fragment 
placed at angles to each other in order to 
withstand the torque as well as the angu 
lating effect of the muscles (Fig 774) 

^FTER TRtVTMENT 

A long period of immobilization is nec 
es'sarj The position of immobilization 


should be decided at the time of operation 
It depends on the amount of contracture 
and the group of muscles most contracted 
as to which position is most advantageous 
In the author s opinion no rule can be made 
for unumted or malunited fractures be 
cause the stress vanes tremendously in each 
case The plaster should be flattened from 
front to back that is from flexor surface to 
extensor surface and should not be changed 
without due cause Frequent changing of 



Fic 774 Overlay graft for forearm 
bones Note countersunk beveled ends 
and varied directions of fixing screws 


plaster and manipulation of fragments is 
in his opinion responsible for more non 
unions than an> other one factor Three 
months immobilization is none too long 
and It is not uncommon to have from six 
months toa jearsdisabiliij following non 
union of both bones of the forearm 
In cases of nonunion with «erious de 
formitj the author has sometimes found it 
nece saiy to u e traction b> kirschner wires 
in the upper and lower fragments espe 
ciallv in the radius to overcome pact of 
the deformitv bj stretching the parts 
prior to operation Otherwise the fragments 
will be dragged back into deformitv after 
operation simplj bj the pull of th** con 
traded soft parts 

MALUNITED FRACTURES OF 
FOREARM 

There is probablj no other operation on 
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the skeleton that offers more difficulty than 
the replacement of fragments in malunited 
fracture of the forearm. The soft parts are 
usually badly contracted, and the muscles 
which displace the fragments toward each 
other are short and strong, and offer serious 
difficulty to replacement of the fragments 
and to maintaining them in proper reduc- 
tion. Inasmuch as malunion is usually due 
to failure of whatever treatment has been 
used to withstand the pull of these muscles, 
it can be understood that overcoming the 
pull of the muscles once they are contracted 
offers even more difficulty after such mal- 
union. 

As noted before, the bones of the forearm 
are small in diameter, and after a long 
period of disuse they become very fragile. 
Strong applied force may break the ends of 
the fragments and great care should be 
taken to avoid this in the application of 
clamps and in their manipulation. It is 
necessary to free the bones completely from 
their muscle attachments in order to re- 
place them. Excess callus must be entirely 
eradicated and the ends of the fragments 
must be restored as nearly as possible to 
their normal contour. If they can be brought 
into line a steel plate applied to each bone 
in accordance with the technic previously 
described is frequently the most satisfactory 
method of maintaining reduction, if it can 
be used. If it cannot, wiring or other forms 
of relative fixation will have to be utilized. 

After-treatment 

The arm should be carefully immobilized 
in a snug circular plaster, as after opera- 
tion for nonunion, and checked frequently 
by x-ray to determine whether or not the 
deformity is recurring If it is, the patient 
should be put to bed and traction and 
counter-traction applied with the arm in 
suspension, by the methods previously de- 
scribed. In some cases the author has had 
to resort to placing a wire through the 
radius above and below the fracture, main- 
taining extension and counter-extension 


through the wire in order to prevent recur- 
rence of angular deformity, either in sus- 
pension or by incorporation of the wires in 
the plaster. 

The period of immobilization in these 
cases is usually not less than three months 
—sometimes six to nine months The cir- 
culation is poor, because as a rule the arm 
has been immobilized previously for a long 
time. There is much fibrosis, and yet it is 
impossible to remove the immobilization 
for physical therapy. The patient should be 
encouraged to move the fingers, not just 
wiggle them. 

The care is the same as that for non- 
union or simple fracture of both bones, 
except that it must be continued for a 
longer period. The prognosis as to disability 
Is not the brightest. There is usually limita- 
tion of pronation and supination, and fre- 
quently considerable limitation of muscle 
strength and flexibility in the hand and 
wrist. 

If the fragments have been angulated and 
overlapped it will be necessary to do one of 
two things in many instances: (1) Shorten 
the bones to meet the already contracted 
condition of the soft tissues of the fore- 
arm, the muscles and fascia, or (2) free the 
ends of the fragments, clean them off and 
insert wire or pins above and below the 
fracture line, close the wound and return 
the arm to traction until such time as these 
tissues can be stretched If this is not done, 
and an attempt is made to pry these frag- 
ments back by leverage, it will be found 
that the soft tissues cannot be stretched 
sufficiently to allow proper replacement ; or, 
if they are successfully replaced, they will 
angulate out of place in spite of almost 
any retention apparatus which can be put 
into them or on them. 

It is advisable in these cases to use plates, 
with six instead of four screws if possible. 
Bone grafts of any type are too brittle and 
too small to retain the fragments in posi- 
tion They may fracture as a result of the 
pull of the muscles, and usually fracture 
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at the site of the drill holes made through 
the graft to maintain it in position A thin 
strong plate ’aith machine screws pene 
trating both cortices is the strongest form of 
retention apparatus with which the author 
is familiar This maj be supplemented by 
an osteoperiosteal graft wrapped around the 
site of the fracture An overlap graft if it 
could be made strong enough would be 
ideal but when this is attempted it will 
be found that the incision can hardl> be 
closed because of the lack of elastiatj of 
the soft tissues and the fact that the \ol 
ume of bone has been increased to a point 
where the tissues will not stretch over it 
There is one condition which may result 
as a consequence of shortening of the radius 
without commensurate shortening of the 
ulna This la a lowering of the ulnar head 
with consequent disruption of the radio 
ulnar joint and this causes pain at the 
wrist on forced rotation especiall> supina 
tion The radius rotates around the ulna 
at Its lower end and if the arc these two 
bones work on is disrupted b) the change 
in length the result will be «ertous di» 
ability m the band because of pain and 
Io«s of dexteritj It is frequently impossible 
to restore the length of the radius and 
thttefore subpeiios\ea\ leseclion of the 
lower end of the ulna has been advised 
In cases where there is serious disability 
so far as dexterity is concerned and c«pe 
ciall> if the patient does not haNC to do 
heavy work resection of the ulnar head 
is adnsable 

The incision should be made on the 
dorsolateral angle o^er the ulna the pen 
Osteum split the carpo ulnar ligament dis 
«ected from the end of the bone and the 
bone remoied from inside its periosteum 
Active motion «hould be instituted immedi 
atelj postoperative This allows the radius 
to turn freel} but is said to interfere at 
times with the strength of pronation and 
supination especially the latter In a large 


majonty of cases howev er the pain caused 
by the disruption of the joint will be re 
Ueved {WTien the lower ulna has been sub 
periosteally separated the styloid process 
may be cut across at the ulnar base inside 
the penosteal tube and left behind with the 
attached ulnar collateral ligament The 
shaft of the ulna should be sectioned 
obliquely from above downward and toward 
the radius so as to leav e a smooth bev eled 
surface on the ulnar side instead of a sharp 
edge No more than three quarters inch to 
one inch of ulna should be resected —Ed ] 
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Fractures and Dislocations of Carpus 

D. W. Gordon Murray. M.D. 


FRACTURES OF CARPUS 
Fracture of Scaphoid (Navicular) 

The carpal scaphoid (navicular) is frac- 
tured more frequently than any other bone 
of this group. It may be complicated by 
Colles’ or other fractures. Because each 
group of fractures presents a distinctly dif- 
ferent problem they may be classified as 
follows: (1) Of the tuberosity, (2) of the 
waist, and (3) of the proximal third. 

The exact position of these fractures may 
vary considerably but the principles of 
treatment in any one group are not changed 
by slight variations of position of the Indi- 
vidual fracture. 

Recent Fracture of Tuberosity. This 
fracture rarely involves the radial articular 
facet of the navicular. It varies in character 
from a small chip of bone off the tip of the 
tuberosity to a more extensive fracture in- 
volving the distal third of the bone. In any 
of these, if seen within two to three weeks of 
the time of fracture, adequate fixation in a 
skin-tight plaster extending from the inter- 
phalangeal joint of the thumb to the elbow 
with the wrist in normal dorsiflexion will 
give satisfactory union (Fig 775). The 
fragments are rarely displaced, so that ma- 
nipulation is usually unnecessary. If the 
fracture involves that part of the tuberosity 
to which the radial collateral ligament is 
attached and the fragments are displaced, 
the displacement should be corrected by 
manipulation and the type of fixation de- 


scribed above should be applied Because 
of the good blood supply to this area these 
fractures unite more quickly than those 
occurring more proximally in the bone, and 
fixation for periods varying between four 
and six weeks is adequate. [Nonunion in 
this part of the bone is practically un- 
known.— Ed.] 

Recent Fracture Through Waist of 
Bone. This fracture (Fig. 776) occurs at 
the narrow part of the bone, which varies in 
position in different scaphoids depending on 
(he special shape of the bone, some being 
long and slender, others short and thick, 
It occurs more commonly than the others. 
Occasionally there is moderate displace- 
ment, but frequently there is none. As this 
fracture involves the radial and capitate 
articular facets, it is necessary to correct 
any displacements that may be present. 
This can easily be done under the fluoro- 
scopic screen, when the position which cor- 
rects the relationship of the fragments can 
be selected. Normal dorsiflexion (the posi- 
tion into which the wrist goes when the fist 
is firmly clenched) will usually correct the 
deformity. Radial deviation of the hand is 
sometimes necessary to correct a tendency 
of the fragments to gape at the fracture line. 

In the average case the diagnosis of frac- 
ture through this part of the scaphoid is 
made by x-rays taken in the oblique posi- 
tion. The ordinary anteroposterior and 
lateral x-rays taken for wrist injuries may 
fail to show this fracture in its early stages 
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Not until fairl> extensue rarefaction has 
occurred (Preiser s disease”) a few weeks 
or months later, -niU it be picked up readiU 
on the ordinary anterposterior and lateral 
plates It Is advisable therefore when there 
IS anj suspicion of injury to the carpus or 
where the anteroposterior and lateral plates 
are negative and the patient has persistent 


hands*® ” The importance of earlj diag 
nosis cannot be overemphasized because 
if diagnosed and treated adequatel> '^oon 
after the fracture has occurred all the^e 
fractures unite satisfactorilj If however 
the diagnosis has not been made and the 
fracture is allowed to progress until ab^orp 
tion of bone and c\ tic changes have oc 



Fic 11s Plaster enca ement for fracture of carpal scaphoid 
{Top) ^e^tral (Center) dorsal (Bottom) obhque Note molding 
to palm and forearm upper and lower limits moderate grasp 
position of wrist and inclu ion of abducted proTimal phalanx of 
thumb 


s> mptoms ov er the radial «ide of the carpus 
to have further x ravs made in special posi 
tions The«e positions are (1) l\ith the 
ulnar side of the hand on the plate the 
dorsum of the wnst 'hould be at an angle 
of 45“ to the horizontal and (2) with 
the patient Ijing on the face the first and 
«econd metacarpals should be flat on the 
plate The po*sibiht> of a bi partite bone 
must be kept in mind in making the diag 
nosis as It occurs in 0 25 per cent of all 


curred the fracture mav lake manj months 
to unite even with adequate fixation or it 
ma 3 fail to unite even with prolonged 
fixation 

Fixation The fixation of this fracture is 
similar to that de cubed for fracture of 
the tubero'it} The 'plint must prevent all 
motion of the proximal phalanx of the 
thumb the first metacarpal and the wnst 
joint Some fractures of the scaphoid go on 
to nonunion even though the wrist has been 
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supported in plaster, but in these cases the 
plaster has failed to control the motion 
of the first metacarpal. Another source of 
inadequate fixation in these cases is failure 
to carry the circular plaster more than a 
short distance up the forearm. It should 
extend to just distal to the elbow crease in 
order to get maxim’ .m immobilization. Any 



Fig 776. Recent fracture through 
midportion of carpal scaphoid 


motion is transmitted through the trapezium 
to the distal fragment of the scaphoid 
thereby providing one of the conditions 
which may cause nonunion. 

While some fractures in young patients 
may unite in six weeks with adequate fix- 
ation, as a general rule fixation should be 
continued for not less than eight weeks, and 
before the splinting is discontinued there 
should be radiologic evidence of union of 
the fracture. 

Recent Fracture of Proximal Third of 
Scaphoid. Fortunately this fracture is less 
common than the others as it presents spe- 


cial difficulties. As shown by Obletz,*^ the 
blood supply of the scaphoid reaches the 
bone through the tuberosity and ligamen- 
tous attachments. He has shown that in 
13 per cent no blood supply enters the bone 
proximal to its midportion Therefore, a 
fracture occurring through the proximal 
third may cut off all the blood supply to 
the proximal fragment. This, of course, adds 
a considerable hazard for spontaneous union 
at this site. If the fracture is recognized 
early and adequate fixation is provided, 
most of these fractures unite. This fixation 
will take not less than eight weeks and 
should be continued for a longer period if 
the radiologic evidence of union is doubtful, 
as described for fractures through the 
waist of bone. However, regardless of 
the excellence of treatment, this fracture 
more commonly than the others may go on 
to nonunion. At the end of eight weeks the 
plaster gauntlet is removed, and if radio- 
logic evidence of union is not apparent 
another gauntlet should be applied for a 
further period of eight weeks. If, at the end 
of this time, there is still no evidence of 
union by x-ray, or if actual absorption or 
cystic changes are obvious, the case falls 
into the group of nonunions discussed below. 
[Bohler and others believe that this pro- 
cedure should be repeated, in the absence of 
actual absorption or cystic change, for a 
period of six months or longer before non- 
union is diagnosed The editor is inclined to 
agree with the present author’s concept — 
Ed.I 

Aftcr-treatment. During the wearing of 
the plaster gauntlet in these cases the pa- 
tient should be encouraged and urged to 
exercise all the use of the extremity pos- 
sible. This is perfectly safe if the gauntlet 
immobilizes the proximal phalanx of the 
thumb and extends to the elbow crease 
Following the removal of the gauntlet 
and with x-ray evidence of union, active use 
of the wrist is instituted aided by physical 
therapy. Occupational therapy entailing 
exercise of the wrist and fingers may aid 
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the regaining of actue u^e, and heat, mas 
sage, whirlpool bath and superMsed resisted 
and guided exerci'^e of the fingers, wrist and 
forearm may be of help The essential fea 
lure of the treatment after removal of the 
gauntlet is however, increasing active u<;e 
of the whole extremit) in normal activities 

Disability As in all injurj ca^es, nu 
merous indivndual variants determine the 
length of disability time in the individual 
case As an ‘ average figure, however, the 
case that has been immobilized for eight 
weeks can expect to return to light work 
m 12 to 14 weeks from the time of injury, 
and to heav'y labonous work 16 weeks from 
the time of injury 

Under this method of treatment, assum 
mg that the case gets adequate care within 
the first two weeks of injury, nonunion in 
the distal third almost never occurs., is> «een 
m not more than S per cent of the central 
fractures and m not more than 20 per cent 
of the proximal third fractures There are 
no criteria except the location of the frac 
ture and the time at which treatment is 
undertaken to guide one m a prognosis as 
to nonunion 

Nonunion of Fracture of Scaphoid If 
a fractured scaphoid e'peciallv of the mid 
die and proximal thirds has not been recog 
nized and haa not been splinted, it probablv 
will go on to nonunion It is impossible to 
know what proportion of these fractures 
may unite spontaneously without treatment 
However, there still remains a large number 
of wrist injuries resulting in nonunion of 
fractured scaphoids If the fracture shows 
no radiologic evidence of union at the end 
of four months with or without treatment, 
especially if there is beginning absorption 
and cystic change in the bone with possibly 
some sclerosis surrounding this, it is un 
likely that fixation at this stage would 
allow union to lake place withm several 
months and it is certain that many of them 
will never unite with splinting alone If first 
seen within two months of the occurrence 
of the fracture, a test of splinting for two 
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or three months may be tried, and many 
will unite with this form of treatment 
WTien, by these critena, a definite non 
union IS considered established the most 
certain method of insunng union of the 



Fig 777 Graft for nonunion of pros 
itr^l third of carpal scaphoid {Top) 
Before operation, (Botlom) late re- 
sult 

fracture in the shortest possible time is by 
bone grafting A peg is inserted through the 
tuberosity across the fracture line and into 
the proximal fragment as described by the 
author*® Drilling alone, as described by 
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Fig 778 Graft for nonunion of distal 
third of carpal scaphoid' {Top) Be- 
foreoperation, {Center) postoperative; 
(Bottom) result at nine years — no ar- 
thritis. 


Beck and used by many others, is followed 
by union in a proportion of the cases, but 
Tvhen the fragments have been drilled the 
insertion of the graft adds very little to the 
difficulty or time of the operation and the 
certainty of the result is greatly increased 
(Figs. 777 and 778). 

Bone Graft of Scaphoid. The operation 
IS greatly facilitated throughout by placing 
the radial side of the wrist uppermost with 
the ulnar side resting on a sandbag, and the 
WTist held in full ulnar deviation (Fig 779). 
This position brings the tuberosity of the 
scaphoid, the point of approach, to the sur- 
face, lying as a prominence beneath the 
skin. The operation is carried out through 
a short curved incision over the anatomic 
snuffbox. The curved central part of the 
incision lies over the abductor pollicis 
longus lendon, providing easy access to the 
tuberosity and allowing for the oblique ap- 
proach of the drill since it must lie in the 
direction of the long axis of the scaphoid 
The extensor brevis and abductor pollicis 
tendons are retracted toward the volar sur- 
face of the wrist The extensor pollicis 
longus and extensor carpi radialis longior 
and brevior are retracted toward the dorsal 
surface. The cutaneous branches of the 
radial nerve are protected and retracted 
with the latter tendons. The radial vessels 
passing obliquely through the volar and 
distal aspects of the anatomic snuffbox are 
gently retracted with the abductors of the 
thumb This exposes the radial collateral 
ligament of the wrist joint and the tuber- 
osity of the scaphoid The dorsal capsule of 
the wrist j’oint and the adjacent collateral 
ligament are divided, exposing the distal 
third of the radial facet of the scaphoid. The 
common fracture through the waist of the 
bone, for which the operation is usually 
performed, is seen without difficulty lying 
at, or slightly distal to, the styloid process 
of the radius. Fractures of the proximal 
third lie more under cover of the styloid 
process and articular facet of the radius, but 
can also be seen without difficulty through 
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this opening if the wrist is kept in marked 
ulnar denation 

In cases only a few months old, the frac 
ture appears as a fine line crossing the 
radial facet The cartilage appears normal 
in all respects In older cases the cartilage 



Position, of Hand, 
over- sandba.^ 
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cases, forcible ulnar deviation will separate 
the fragments quite widely 
If there is any displacement of fragments, 
a thin elevator curved to fit the radial facet 
is applied to the provimal fragment to bring 
it into good position The fracture surface 



Lvn® o? incvsion 


&up«rb&iaV radial n«rv« 



Bone qra.tt trom libia. 

about to be maerted in, 
drill hole trv tubeTosiiy 
of «ca.pV\Oid 



Fig 779 Op“ration for bone graft of carpal scaphoid 


is le'^s healthy and the «pace at the fracture 
line maj be vider In still older cases deli 
nite arthritic changes in both the scaphoid 
and lower end of radius are obvious m 
addition to absorption at the fracture bne 
\\ itb the fracture line under direct vision, 
moiements of the wnst joint will demon 
strate motion between the fragments if 
there is nonunion of the fracture In some 


usual!} IS not disturbed A small notch is 
made in the tuberosity of the "caphoid so 
that a drill will start without difficulty 
Selecting a drill from three sixteenths to 
one quarter of an inch in diameter, a hole 
is made from this notch in the tuberosity 
along the long axis of the 'caphoid crossing 
the fracture line and pa«'ing into the provi 
mal fragment to a point just =horl of the 
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articular cartilage at its tip. During this 
drilling operation the fragments must be 
held in accurate alignment, otherwise the 
deformity will be maintained permanently 
by the graft The depth of the drill hole 
may be followed by removing the drill at 
intervals and using a probe as a measuring 
stick, comparing the depth of the hole with 
the length of the bone as measured on its 



Fic 780 Untreated nonunion of car- 
pal scaphoid Note arthritis of wrist 
joint, elongation of radial styloid, and 
degeneration of scaphoid fragments 

surface. Bone from any source may be 
used for the graft but the strongest and 
best bone may be obtained from the sub- 
cutaneous surface of the tibia. A small bar 
of this may be removed by motor saw and 
is shaped by shaving it with a chisel. It is 
driven home in the drill hole and cut short 
so that it does not project above the level 
of the tuberosity. The fragments are then 
firmly impacted to make sure that the 
driving of the graft has not separated 
the fracture surfaces. The ligaments are 
repaired, the skin is closed without drain- 


age, dressings are applied, and a loose com- 
fortable plaster cast is applied to support 
the thumb and wrist 
Ten days later this plaster is cut off, 
the stitches are removed, and a skin-tight 
circular plaster, the type already described 
under recent fractures, is applied, reaching 
from the interphalangeal joint of the thumb 
to the elbow. The stitches are removed from 
the leg and a plaster applied from the ankle 
to the knee and the patient allowed to bear 
weight. This latter plaster is left on eight 
weeks. The support of the wrist is main- 
tained for ten weeks At this time it is re- 
moved and x-rays made If there is radio- 
logic evidence of union of the fracture with 
both fragments viable and the bone graft 
united to both fragments, the wrist is left 
without support and the after-care described 
for the united case is instituted. In most 
cases of fracture of less than one year’s 
duration, union has taken place at this time. 
If, however, there is any doubt regarding 
union, similar support is supplied for an- 
other month when further x-rays are made 
In fractures through the proximal third, 
not Infrequently the x-rays show aseptic 
necrosis of the proximal fragment This re- 
quires more prolonged postoperative fixa- 
tion to allow for revascularization of this 
fragment. In ten cases of this nature treated 
by this method by the author, revasculariza- 
tion and union took place in all In some 
of these it was necessary to continue the 
support for periods up to four months. It 
will be obvious also that it is more diflicult 
to place a graft accurately in a small proxi- 
mal fragment than in other fractures The 
operation for bone grafting was carried out 
successfully without complications by the 
author in 50 cases. Solid union by bone 
occurred in all but two. Against advice, 
both of these patients removed their plaster 
splints and returned to work within a few 
weeks. One was reoperated upon and sub- 
sequently united firmly by bone The other 
patient has not returned for operation. In 
these SO cases, the functional results were 
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95 per cent if the fracture was not com- 
plicated by other injuries, and the economic 
results in the same group were 100 per 
cent.^ 

Old Ununited Fracture ^Tien a frac- 
ture has been ununited for a long period. 


wnst joint and attempts at bone grafting 
are not advisable (Fig 780). 

In this stage of extensive arthritis, there 
is great dt«ability in the wrist joint from 
pain, swelUng, limitation of motion, and 
weakness of the grip JIany of these pa- 




the absorptive changes (Preiser’s dis- 
ease^*’) become complicated by arthntic 
changes at the fracture site, in the radial 
articular surfaces of both fragments of the 
scaphoid, and m the articular facet of the 
lower end of the radius Secondarj’ arthritic 
outgrowths of bone appear on all these 
surfaces and the stjloid process of the 
radiUi becomes elongated. In these cases 
the s* mptoms are those of arthritis of the 


tients are improved considerably by excision 
of both fragments of the scaphoid.-- “* 
None regain normal function of the joint, 
neither are thej completely rehev ed of pain 
following this procedure However, in many 
ca‘:es there is enough improvement to war- 
rant the operation Fig 781 shows the ap- 
proach for excision 

If, in spite of excision of the scaphoid or 
m the presence of marked arthritis without 
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excision, the wrist has much impairment of fered with The osseous surfaces so 


function and remains painful, the best pros- 
pects for improved function of the hand 
with relief of pain are provided by an 
arthrodesis of the wrist joint. 

Arthrodesis of Wrist Joint. Tlie opera- 
tion is best carried out with a pneumatic 
tourniquet around the upper arm A midline 
dorsal incision three inches in length is 
made, extending from the base of the third 
metacarpal upward to a point one inch 
proximal to the distal end of the radius. 
The posterior annular ligament is divided at 
both the ulnar and radial margins of the 
common extensor group of tendons. The 
periosteum and tendon sheaths of this group 
are separated from the dorsal aspect of the 
lower end of the radius extending upward 
for about three-quarters of an inch from 
the level of the wrist joint. This allows 
approach to both the radial and ulnar halves 
of the wrist and carpal regions, by re- 
tracting the common extensor tendons and 
their sheaths either medially or laterally 
(Fig. 781). 

As the operation is usually done for a 
lesion which has mostly destroyed or de- 
vitalized either the scaphoid or the semi- 
lunar bones, it is best to remove the 
semilunar, the devitalized proximal frag- 
ments of the scaphoid, and the cuneiform, 
leaving the pisiform undisturbed. With 
osteotomes and gouges the articular car- 
tilage and a very thin layer of subjacent 
bone are removed from the facet of the 
lower end of radius. The attachment of the 
base of the triangular librocartilage to the 
ulnar margin of the radius and the cartilage 
itself are left undisturbed The articular 
cartilage of the radial facet of the scaphoid 
and of the head of the os magnum is com- 
pletely removed. That of the unciform is 
left undisturbed as it lies opposite the tri- 
angular fibrocartilage covering (he distal 
end of ulna. By this means the carpus be- 
comes fused to the lower end of radius but 
the ulna is not involved so that pronation 
and supination of the band are not inter- 


pared should be shaped so that the maxi- 
mum bony contact will be obtained with 
the wrist in about 30“ extension 

With a quarter-inch bit, three holes are 
drilled proximally from the distal articular 
end of the radius extending about one and 
a quarter inches into the lower cancellous 
end of the shaft. The septa of cancellous 
bone between these holes are easily broken 
down, forming a single mortise one and a 
quarter inches by three-quarters of an inch 
by one-quarter of an inch. With the same 
bit three holes are drilled into the os 
magnum and remaining portion of the 
scaphoid and a mortise one-half inch in 
depth by three-quarters of an inch in width 
and a quarter of an inch in thickness 
is formed The direction of this mortise in 
(he carpus should be placed so that it is 
in line with the mortise of the lower end of 
radius when the wrist Is in 30® extension 
but with no deviation to either the radial 
or the ulnar sides. With a motor saw a bar 
of bone one and three quarters of an inch in 
length by three-quarters of an inch in width 
is removed from the subcutaneous surface 
of the upper third of tibia. When this has 
been trimmed accurately to this shape, one 
end is driven into the morrise in the lovies 
end of radius, fixing it very firmly in this 
bone By traction and manipulation the 
distal end of the graft is worked into the 
mortise in the carpus. 

Care must be taken to be sure that the 
graft is not too long, or the carpus and lower 
end of radius will be kept from coming into 
contact. If properly fitted, this graft holds 
the carpus in accurate relationship to the 
lower end of radius and no other internal 
fixation in the way of screws, plates, wires, 
sutures, etc., is required. Some small chips 
of bone may be added to the area surround- 
ing the junction of the carpus and radius 
The soft tissues on the dorsum of the wrist 
are repaired. A circular plaster is applied 
from the metacarpophalangeal joints to the 
arilla with the elbow in right-angle flexion. 
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WTiile the plaster is drj mg and being 
molded mto shape longitudinal pressure 
applied to the metacarpus to make sure that 
the os'eoua surfaces of the wrist region are 
kept m contact 

In doing the operation one must be mind 
fill of the presence of the flexor tendons and 
median and ulnar ner\ es on the flexor sur 
face of the wrist and must protect them 
from injury by sharp instruments [For 
other technics for wnst fu ion 'ee Chapters 
14 and IS —Ed ] 

This operation results m shortening of 
the wrist The deformity, however is \er\ 
slight and is not objectionable The result 
mg slackness of the extensor and flexor 
tendons is compensated for and within a 
few day s a full range of motion of the digits 
can be earned out and should be encouraged 
all through con\ ale«cence 

After two weeks the plaster is removed 
and the stitches taken out If x rays at this 
time chow that the alignment is not ideal 
the necC'sai^ correction can be made A 
skin tight plaster is then applied from the 
metacarpophalangeal joints of the fingers 
and thumb to the axilla with a strong loop 
of plaster passing from front to back be 
tween the thumb and index metacarpals 
holding the hand in a miclpo ition between 
pronation and supination This second plas 
ter encasement is worn for 12 weeks The 
plaster is then remo\ed and the wrist 
X rayed for e\idence of bony arthrodesis 
If this IS not yet definite the plaster should 
be replaced for another six weeks 

MTien bony arthrodesis is eMdent by 
X ray, the same after treatment as adnsed 
for fracture of the scaphoid should be 
earned out It is essential that frequent 
acti\e exera«e of the fingers and the choul 
der be practiced while the plaster i» being 
worn 

The functional and cosmetic results 
following this operation are excellent 
(Fig 782) A stable and painle«s wnst joint 
capable of hard labor can be confidently 
expected 


Fr.xcture of Semilunar (Lunate) 
This bone is fractured le s frequently 
than the scaphoid There is a cimilanty, 
however, to the latter bone in that fractures 
are frequenth mis'ed m x ray s taken coon 
after the injury and are recognized only by 



Fig 782 Late result of wrut artbro 
desia {Top) lateral Men {Bottom) 
anteroposterior mcw 


persisting coreness and stiffne'a of the wrist 
and by degeneralne change^ which are apt 
to follow as demonstrated by x ray exam 
ination 

Fr-acture of Cornua 
PostenoT Horn Small epram fractures 
occur imohing the postenor horn A good 
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lateral x-ray is necessary to demonstrate Uqq of motion and pain Under these condi- 
this fracture (Fig. 783). Frequently there is tions, function may be improved somewhat 
little displacement. The wrist should be by excision of this elongated horn. If the 
splinted in a cocked-up position for three condition has existed for a considerable 
weeks and then light active and passive time the ensuing arthritic changes may pre- 
motion begun. The unpleasant complication vent the return of function following the 



Fio. 783. {Top) Fracture of dorsal 
horn of semilunar 

Fig. 784. {Bottom) X-ray appear- 
ance of Kienbock’s disease of semilunar 
bone. 

of elongation and overgrowth of this pos- 
terior horn following this injury may pro- 
duce stiffness of the wrist and limitation of 
extension. Occasionally this hypertrophied 
horn will impinge on the posterior margin 
of the inferior radial facet, causing Umita- 


operation. 

Fracture of this horn is an evidence in 
some cases of anterior subluxation of the 
semilunar bone with spontaneous reduc- 
tion. The resulting damage to blood supply 
of the bone may be so extensive that sub- 
sequent degenerative changes may occur 
This should always be kept in mind in con- 
sidering the prognosis. 

Fracture of Anterior Horn. These occur 
less frequently than fractures of the pos- 
terior horn and are usually the result of 
crushing injuries. They are apt to be com- 
plicated by other injuries in the carpus. 
Splinting should be carried out for three 
weeks followed by active and passive 
motion. 

Fracture of Body. These are usually fis- 
sure fractures running transversely through 
the bone. They may be complicated by 
fractures extending into or separating off 
one or both cornua In severe crushing in- 
juries, comminution may occur. Again, 
these iraclores are apt to he missed m 
x-rays taken soon after the accident and 
not until the degenerative changes’* make 
their appearance is the evidence of a frac- 
ture found. 

Treatment. If a fissure fracture without 
displacement is recognized early, splinting 
in a skin-tight plaster with the hand in a 
cocked-up position should be carried out for 
not less than six weeks If at the end of this 
time x-rays do not show the fracture united, 
or if there are absorptive changes, the 
splinting should be continued until revas- 
cularization, calcification, and union of the 
fracture occur. After healing has occurred, 
and the splinting is removed, the same after- 
care as previously described for scaphoid 
fractures should be followed out. 

Aseptic Necrosis. Whde some of these 
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fractures probably heal spontaneously with 
out treatment a certain proportion go on 
to degeneratise changes (Fig 784) This 
gi\es an s raj appearance of rarefaction m 
some areas and condensation of others 
Later on the bone collapses "=0 that the 
height of the bodj may be reduced from 
anj fraction down to a quarter of the ong 
inal The bone becomes elongated antero 
posteriori) gning the impression that some 
of the central part has been squeezed out 
to cau e enlargement and elongation of the 
ends and boms of the bone and usu 
all) shows marled «clero la at this stage 
The presence of an ununited fracture or 
marked comminution maj be identified in 
some ca«ea at this stage (KienbocLs dia 
ea';e“*) At a later period arthritic changes 
\n\ol%ing the adjacent carpal bones and 
wnst joint make their appearance causing 
pain and di abihtj 

Treatment There is no method of re 
construction or repair of a full) dereloped 
Kienbock s disease of thia nature If there 
are no arthritic changes exctston of the 
semilunar bone alone will gi\e a moderate 
impro\ement of function of the wnst 

Operation The operation is earned out 
through a dorsal incision reflecting the ea 
tensor communis digiiorum and extensor 
mimmi digiti tendons to the radial side 
nithout opening their tendon sheaths The 
dorsal ligaments of the wrist are dixided 
The bone is usualh remo\ed in fragments 
which readilj become detached from each 
other The most difhcull part of the pro 
cedure is the remo\al of the anterior mass 
and bom This ma\ be done with a hook 
and ele%ator Using some sharp dissection 
The space between the radius and the head 
of the os mamum through which the ap 
proach is made maj be enlarged b\ traction 
on the middle fingers of the hand Care 
must be taken with «harp di««ection to 
a\oid mjuix to the structures on the flexor 
surface of the nri«t «uch as the flexor ten 
dons and the median and ulnar nerves If 
the «caphoid has been damaged as well 


removal of all the proximal row of the 
carpus except the pisiform gues a fairly 
useful functional result (Fig /81) 

If marked arthritic changes have dev el 
oped causing destruction of the cartilage of 
the scaphoid and «emilunar and of the in 
fenor radial facet an arthrodesis of the 
wrist joint should be carried out (See 
under Fracture of Scaphoid ) 



Fig i8o Fracture of cuneiform 


Fracture of Cuneiform (Triquetrum) 
Fractures of this bone are infrequent 
(Fig TSi) compared with the others in the 
proximal row of the carpus The) are usU 
allv produced bj direct v^olence^ and con 
sequentlj are apt to varv from small chips 
off the bone to severe comminution Often 
thev are complicated b) «evere injuries to 
other carpal bones If there is little d s 
placement of the fragments splinting for 
four weeks u ualK allows union to take 
place Removal of the splinting is followed 
by the u ual after treatment as de<cribed 
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ofore. If union is attained in this time, 
10 degenerative change occurs, the dis- 
y time for light \\ork is about 8 weeks 
'or laborious work is about 12 weeks 
casionally absorptive changes in the 
occur following these injuries. If there 
^ere comminution with great displace- 
or if absorptive changes have allowed 
one to collapse, excision is advisable 
is carried out through a dorsal incision 
1 so that the extensor communis 
irum is reflected in its tendon sheath, 
» radial side. When the bone has been 
the articular cartilage of the 
rm is seen in the depths of the remain- 
ivity. The pisiform is left undisturbed 
iving the excision of the bone the wrist 
1 be immobilized until the soft-part 
d is healed, and then should be mo- 
ld with the aid of physical therapy 
vised for other wrist injuries. 

Fracture of Trapeziuji 
;se fractures are usually of the com- 
on type resulting m multiple fissures 
gb bone. If there is but little displace- 
splinting for four weeks will usually 
ie union. A skin-tight plaster should 
iplied from the interphalangeal joint 
; thumb extending around the palm of 
and and over the wrist and up to the 
• so that motion of the first meta- 
1 is prevented. 

vertical iractuies, if the radial half is 
y displaced, open reduction should be 
taken. The fragments are replaced 
ither pinned together or sutured with 
t. Splinting should be continued for 
eeks following this operation. Degen- 
e and absorptive changes are less 
to occur than in the bones of the 
nal row of the carpus. These fractures 
to unite, and nonunion is rare. The 
ge disability time for light work is 
eks, and for laborious work is about 16 

hough nonunion is unusual here, when 
;s occur the bone must be preserved 


because of its important function in sup- 
porting the base of the first metacarpal, and 
its important relationship to the tendon of 
the flexor carpi radialis Open reduction, 
clearing the fracture surfaces, and suturing 
of the fragments together with fine stain- 
less-steel wire will suffice in the simpler 
cases Where there is great destruction of 
the bone, the fragments should be pegged 
together with autogenous bone grafts placed 
in drill holes. 

Fracture of Trapezoid 

These occur slightly less frequently than 
in the trapezium. They tend to be of the 
compression type and rarely is there great 
displacement. Fixation in plaster for four 
weeks usually provides union. Removal of 
plaster is followed by the usual after-treat- 
ment. 

When extensive comminution of this bone 
and the trapezium occur, causing great dis- 
tortion of adjacent joints wiib arthritis and 
pain, arthrodesis between these bones and 
the distal end of the scaphoid provides the 
best prospect for an improvement of func- 
tion. 

The average disability time for light 
work IS 10 weeks, and for heavy work is 
\2 -weeks. 

Fracture of Os Magnum (Capitate) 

Fracture of this bone occurs through the 
neck and this may be complicated by com- 
minution of the distal end of the bone. It 
is frequently complicated by other carpal 
injuries such as midcarpal dislocation with 
fracture of the scaphoid, etc , in which case 
the treatment is part of the general pro- 
cedure of reduction of dislocations and 
injuries of adjacent bones The distal frag- 
ment of the 05 magnum is usually displaced 
dorsally in relation to the head. This evi- 
dence is best obtained from a lateral x-ray 
of the carpus. In recent fractures, closed 
reduction by traction on the index and 
middle fingers and manipulation may re- 
store the fragments to good position. As 
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ie head oC this boue is coveted ’sith atUc- 
lar cartilage iiith no ligamentous attach 
tents except at the neck, a fracture through 
le neck frequently interferes with the 
[ood supply and aseptic necrosis is apt to 
cur For that reason prolonged splinting 
necessary m some cases to allow re\as 
alarization and calcification of the head 
The aierage case should be placed in a 
tight plaster from the metacarpophal 
ageal joints to the elbon with the wnst 
raight or in slight dorsal flexion for eight 
eeks Xrajs should be made at this in 
r\al If there is evidence of a«eptic 
ecrosia, the cplmting should be continued 
ntil endence of revascularization has oc 
urred This has taken as long as five 
lonths m some ca«es On no occasion has 
recent fracture failed to unite when 
atched and treated in this way The func 
onal results following the usual after 
eatment have been fairl> satisfactory, 
Itbough there has been moderate restnc 
on of the extremes of motion m all cases 
\STiere no aseptic necrosis has occurred 
ae average disabilit> time for light work is 
0 weeks, and for heavy work is 12 weeks 
In late cases which have not been recog 
ized and where other fractures and dis 
jcations hav e persisted for sev eia\ months, 
eduction has not been possible except by 
pen operation These fractures will be 
lien further consideration under the sec 
ion on dislocations (See Dislocation of 
Iidcarpal Joint ) 

Slight fissure fractures of the distal end 
f the os magnum without displacement 
hould be supported from three to four 
reeks at whidi time union should have 
aken place and an excellent functional re 
ult may be expected The disability time 
hould not be more than fiv e to eight weeks, 
lepending upon the ti'pe of work involved 

Fractures of the unaform are usuall> fis 
ure or compression fractures of the body 
)r fractures across the base of the unciform 


process Tfese latter occur iwfreqvieutly 
There is usually not much displacement of 
fragments, m which ca'se fixation for four 
weeks in a skin tight plaster from the meta 
carpophalangeal joints to the elbow with 
the hand in slight dorsiflexion is sufficient 
toproMde union The removal of the plaster 
IS followed bj the usual active motion and 
physical therapy regime, and the total dis 
ability time should be from 8 to 10 weeks, 
dependent upon the tjpe of the patient’s 
work 

WTien the unciform process is fractured 
It may be displaced a moderate amount 
toward the radial side Rarely can the post 
tion of the fragments be improved by ma 
nipulation from the surface The process 
usually unites by fibrous tissue, but as the 
process does not take a part in articulating 
surfaces, there are no symptoms because of 
this 

The injury producing the fracture may 
also injure the deep divisions of the ulnar 
nerve and ulnar artery, presenting other 
problems The important effects of nerve 
pressure ma> require late treatment If the 
muscles supplied by the deep division of 
the ulnar nerve have not recovered within 
three months following the accident, the 
imunited unofoTm process be es 

ciscd, as the paralj’sis maj be the result 
of pressure from this "ource 

Fracture of the unciform process may 
also be a complication of dorsal dislocation 
of the unciform bone, but this presents a 
different problem (See Dislocation of 
Unaform Bone ) 

DISLOC'^TIONS 
Dislocatiov of M’rist Joint 

Dislocations between the radius and the 
carpus are extreme!} rare WTien they do 
occur the> are apt to be complicated b> 
fractures of carpal bones or ol the inienor 
radial facet Uncomplicated dislocations are 
easily reduced, and splinting in a position 
of normal dorsiflexion should be earned out 
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for four weeks following which passive and 
active exercises should be carried on, aided 
by the comfort and help of physical ther- 
apy. The disability time to be expected is 
8 to 10 weeks for clerical or light work and 
12 to 14 ^eeks for the more laborious 
occupations. 

Dislocation of Scaphoid Bone 
Dislocations of the scaphoid are much 
less frequent than fractures The bone is 
usually displaced in a dorsal and radial 
direction, frequently with considerable ro- 
talion.*®- Usually dislocation is compli- 
cated by fracture of the scaphoid or of some 
of the adjacent carpal bones 



Fro. 786 First-degree dislocation of 
semilunar bone 

If seen early after an accident, reduction 
may be effected by firm traction on the 
thumb and index fingers with manipulation 
and direct pressure over the dislocated 
bone. If this is unsuccessful, open reduc- 
tion should be undertaken After reduction 
splinting should be provided with the wrist 
in normal dorsiflexion for four weeks. 
X-rays should be taken following this 
period, looking for evidence of lack of blood 
supply to the bone If such should appear, 
as evidenced by apparent increased density, 
prolonged fixation should be carried out 
until revascularization has occurred. If the 
condition should go on to aseptic necrosis 
without recovery, the bone should be ex- 
cised This excision is done through a dorsal 
incision to the radial side of the common 
extensors of the fingers. (See Fig. 781.) 


Dislocation of Semilunar Bone 

This dislocation occurs more frequently 
than in any of the other carpal bones and 
it tends to follow a regular course of events 
(Fig 786). It may be complicated by frac- 
tures of adjacent bones Because of its 
shape, the bone practically always is dis- 
located anteriorly, when it ma> lie in one 
of three positions depending on the severity 
of injury: 

1. The dorsal ligaments of the bone are 
ruptured or an avulsion fracture of the pos- 
terior horn may take place instead of rup- 
ture of the ligaments This allows the bone 
lo escape anteriorly. With the anterior liga- 
ments remaining intact, the distal concave 
facet comes to face the palmar aspect of 
the wrist and the upper convex surface faces 
the dorsum 

2 The bone may be hinged by its an- 
terior ligaments and rotate through 270* 
until Its concave distal facet is facing dor- 
sally and lying in contact with the anterior 
surface of the lower end of radius and 
pronator quadratus 

3. The anterior as well as the dorsal liga- 
ments are torn and the bone is displaced 
anteriorly and upward lying deep to the 
flexor tendons on the anterior surface of 
the lower third of the forearm anywhere 
above the level of the wrist joint. 

Id interpreting the x-ray evidence of dis- 
location of the semilunar bone, it must be 
realized that the concave distal surface of 
the semilunar does not contain the rounded 
head of the os magnum, and that the prox- 
imal convex surface is not lying in normal 
relationship with the distal radial facet. If 
these particular points are not observed, it 
is possible to confuse a dislocation of this 
bone with a midcarpal dislocation. 

Treatment. If seen early after the acci- 
dent, the first and second degrees of dis- 
locations of this bone can usually be readily 
reduced. This is accomplished by firm trac- 
tion®* on the index and middle fingers by an 
assistant, with the wrist in extreme dorsi* 
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flexion. By manipulation and firm pressure** methods In the latter case, as the bone is 
vrith the thumbs directly o\ er the dislocated completely detached from its blood supply, 
semilunar on the front of the wrist, the it should be removed through an anterior 
posterior horn can be made to enter the indsion directly o\ er it, as described below, 
cavity between the os magnum and the The median and ulnar ner\’e3 and flexor 
articular facet of the radius. With the trac- tendons must be safeguarded during this 
tion and pressure still applied the wrist is procedure 



Fic. 787. Manipulati\e procedures for dosed reduction of dislocation 
of semilunar bone. 


brought into flexion, at which time the semi- The first- and second-degree dislocations 
lunar can be felt to return to its normal maj be reduced m some cases as long as 
position three weeks after the acddent and occa- 

If the injur}’ has not been recognized for sionall} at longer periods still. Howet er, 
se\eral weeks, the difficult} of reduction the difficulties at this stage are greatly in- 
increases with the lapse of time, if the semi- creas«i because the space from which the 
lunar has been dislocated into the third semilunar was dislocated tends to be filled 
position, it cannot be reduced b} dosed in by dosing in of the adjacent bones and 
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by fibtous-tissue formation. If closed re- 
duction fails, an attempt at open reduction 
should be tried in the early weeks follow- 
ing the accident. 

Operation. Through an anterior incision, 
the median nerve and flexor tendons to the 


and cuneiform bones are manipulated gently 
to increase the size of this opening, follow- 
ing which it may be possible with leverage^ 
and direct pressure to return the semilunar 
to its place (Fig. 788). 

In late cases, if the bone is found to be 



Fig. 788. Operative approach to anterior aspect of carpus and technic 
of open reduction of dislocation of semilunar bone 


fingers are retracted to the ulnar side. The 
dislocated semilunar is found lying directly 
beneath these. Care is taken to avoid injury 
to the ligaments connecting the anterior 
horn to the lower end of radius Excess 
fibrous tissue is removed from the space 
from which the bone was dislocated. With 
smooth elevators the os magnum, scaphoid. 


surrounded by fibrous adhesions with de- 
generation of its articular cartilage and the 
space from which the bone was dislocated 
is largely filled in, the semilunar bone 
should be removed. 

Following reduction the wrist should be 
held in a straight position by splints for 
four weeks. At this time x-rays should be 
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made, looking for signs of increasing den<5it\ 
or aseptic necrosis If such should appear, 
splinting «hould be prolonged until the bone 
has become re\ a«cularized If this is not 
done, the bone is apt to go through pro 
gressive stages of degeneration mth col 
lap'C, finally giving the fuU> de\eloped 
picture of Kienbocka disease For treat 
ment of this condition cee Fracture of 
Semilunar 

Dislocation of CuNEiroRir Bone 
No record of a dislocation of this bone 
has been found in the literature and m our 
group of cases there ha\e been none 

Dislocation of Pisitorm Bone 
Occasionallj dislocation occurs when the 
pisiform 15 aiTjl'ed from the tendon of the 
flexor carpi ulnans and lies in the adjacent 
tissue ” It is difficult to reduce accurate!) 
to Its onginal position and the closed ineth 
ods of holding u are unsatisfactor> It is 
better therefore as its function is more 
that of a scNamoid bone and as it takes no 
important part m the actual pressure bear 
ing of bones of the wrist that it should be 
remo\ ed 

This can be carried out through a «hort 
incision on the flexor surface of the wrist 
o%er the dislocated bone Care of the ulnar 
ner\ e and a e<5sels should be ob«erA ed dunng 
the procedure The prognosis is excellent 
and the di^abilitj time short e%en for heav\ 
labor Active motion can be started as 'oon 
as the wound is healed 

Dislocation of ^Iiecarpal Joint 
X ra)s following this injury are difficult 
to interpret unless this particular lesion is 
kept in mind The various carpal bones be 
come superimposed on both anteropostcnor 
and lateral vrajs givnng a confu«ed ap- 
pearance (Fig 789) In «ix ca-es®- the 
injuries and displacements have been iden 
tical 

The scaphoid i fractured acro<3 its wai t 
The proximal fragment of the scaphoid with 


the semilunar bone remain undislocated and 
m contact with the articular facet of the 
lower end of radius The head of the os 
magnum is displaced and lies posterior to 
the concave facet of the semilunar and the 



Fig 7S9 Midcarpal duilocation with 
fracture of scaphoid {Top) Antero 
posterior vien {Bottom) lateral view 


distal fragment of the fractured scaphoid 
la displaced dorsallj in line with the os 
magnum The trapezium trapezoid, and 
unciform retain their relationship to the 
diatal fragment of the scaphoid and the 
os magnum and con equentiv are displaced 
dorsallv with tbe^e bones The cuneiform 
hes at an angle between the medial side of 
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dated with fracture of the unciform process. 
If there is no other associated lesion the 
bone dislocates onto the dorsal surface of 
the carpal region (Fig. 792). Unless the 
force causing the dislocation is very great, 
the bone usually remains in fairly close re- 
lationship to the adjacent bones. With more 
severe injuries it may be displaced consider- 
ably. In other cases, the unciform may be 
dislocated dorsally with relation to the ad- 
jacent carpal bones but may carry either 
the fourth or fifth or both metacarpals 
dorsally with it. If seen early the dislocation 
may be reduced by traction on the fourth 
and fifth fingers, by local pressure over the 
bone and manipulation. There may be con- 
siderable difficulty in preventing a moderate 
subluxation following reduction. The hand 
and forearm, from the metacarpophalangeal 
joints to the elbow, should be placed in a 
plaster cast with the wrist deflected down- 
ward and to the radial side, with the plaster 
carefully molded over the dorsum of the 
bone. If, in spite of this, there is a tendency 
to subluxation, a banjo splint with traction 
on the fourth and fifth fingers and with 
careful molding of plaster over the dorsum 
of the unciform will assist in maintaining 
the reduction. The plaster is maintained for 
four weeks, and followed by physical ther- 
apy and exercise If reduction has been 
complete, stiffness and swelling should sub- 
side sufficiently in eight weeks to allow 
return to clerical or typing work. Return to 
heavy work can be expected in from three 
to four months. 

If these efforts fail or if the case is seen 
late after the accident, an open reduction 
should be undertaken. 

Operation. The bone is reached through 
a dorsal incision over the ulnar side of the 
carpus (Fig. 781). The extensor tendons and 
dorsal branch of the ulnar neiwe are pro- 
tected. The space from which the bone came 
is cleared of fibrous tbsue. The adjacent 
cuneiform, os magnum, and bases of the 
fourth and fifth meUcarpals are gently ma- 


body of the unciform may be forced down 
between the elevators into its normal posi- 
tion. The unciform process b alwa\., de- 
tached from the body and remains in its 
normal position in the palm of the hand 
Its fractured surface is cleared of fibrous 
tissue so that when the body of the hone 
is replaced either a bony or fibrous union 
may be expected. As the bone is roughly 
a truncated pyramid in shape, it tends to 
slip out of its cavity toward the dorsal 
aspect of the wrist. The dorsal ligaments 
of the carpus should be stitched with sdk 
at various points to hold the bone in posi- 
tion and a plaster case, as described, applied 
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Fractures and Dislocations of 
Metacarpals and Phalanges 


John Paul North, M.D. 


Incidence. Fractures and dislocations of 
the metacarpals and phalanges are very fre- 
quently encountered in surgical practice. It 
Is impossible to obtain any accurate esii- 
mate of their relative frequency from hos- 
pital case records or from x-ray files, since 
a great number of cases never apply at a 
hospital and many are treated by their 
physician without benefit of x-ray examina- 
tion, A large number doubtless bear with 
a lame finger for several weeks without 
securing medical attention. The fact that 
this group is 12.5 per cent of all fractures 
and dislocations treated at the Presbyterian 
Hospital in New York— representing, as it 
does, only a fraction of the entire number — 
nevertheless gives some idea of the true 
incidence of these injuries. 

A fracture of a metacarpal or phalanx is 
regarded as a trivial injury in comparison 
with a fracture of the femur. From the 
standpoint of immediate disability and 
length of time in bed, this may indeed be 
true. However, a poor functional end-result 
which involv’es a stiff finger may well be a 
greater economic handicap than a corre- 
sponding stiffness of, let us say, the hip. 
The economic importance of injuries to the 
bones of the hand can scarcely be ov'er- 
emphasized. Quite aside from the functional 


sideration. A crooked finger or an unsightly 
knob on the back of the hand is a deform- 
ity which cannot be concealed. 

In view of the frequency of these injuries, 
as well as their importance in industry and 
the arts, it is surprising that so little atten- 
tion Is paid to them Textbooks devote little 
space to their consideration and the current 
surgical literature contains only a few gen- 
eral discussions of the subject and a scatter- 
ing of papers advocating some particular 
splint or gadget for use in treatment. In 
the general considerations of the subject, 
the papers of JIcNealy and Lichtenstein 
and that of Owen are noteworthy 

It is true that controversial subjects oc- 
cupy most of the space in surgical literature 
and there is scant ground for argument con- 
cerning the diagnosis or management of 
fractures of the metacarpals and phalanges. 
This may account for the indifference of 
surgical authors toward the subject. Unfor- 
tunately, there is often a similar indifference 
on the part of surgeons in attendance upon 
these so-called minor injuries. The inevi- 
table result follows that permanent dis- 
abilities of the hand appear, which might 
easily have been prevented had the cases 
received the early and detailed attention 
due to what are, in reality, injuries of the 
first magnitude. 


aspects, the cosmetic result warrants con- 
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SIGNIFICANT ANATO'MIC 
CO\SIDERATIO\S 
One of the conspicuous features of the 
hand is its palmar conca\ itj which is exag 
gerated when the thumb and fingers are 
flexed in the position of functional grasp 
(Fig 793) The longitudinal axis of the 
palmar «aucer is formed b} the curving 
shafts of the metacarpal bones terminating 
at either end in prominent \ olar expansions 
or heads The transfer e axis of the arch is 
produced b> the ligaments joining the heads 
of the metacarpals and is accentuated bj 
the thenar and hj’pothenar eminences The^e 
arches of the palm bear as important a rela 
tion to the function of the hand as do the 
plantar arches to the function of the foot 
and their preser\ation should be gi\en par 
ticular attention r\hene\er a palmar «plint 
IS emploj ed If the splint material cannot be 
molded to conform with the normal contour 
of the hand suitable padding should be 
introduced in the palm 
The diagno is of fractures and disloca 
Pons of this region is facilitated bj the ea<e 
with which the bones ma> be palpated 
Some abnormalities are e\ident e\en on 
in<ipjection— for example the dropped 
knuckle nhich is a s gnificant sign of 
fracture of the metacarpal neck (Fig 94) 
Mu'cle attachments plaj some role in the 
dicplacement of fractured fragments in the 
hand as elsewhere and must be gi\en con 
sideration m determining the position m 
which the part is to be immobilized The 
attachments and function of the lumbncales 
are apt to be forgotten The'^e mu'cles 
arising on the palmar a pect of the hand 
and inserting into the proximal row of 
phalanges aid flexion at the metacaipo 
phalangeal joint but also bj the \irtue of 
their fusion mth the extensor tendons they 
act as exteo'ors at the terminal inter 
phalangeal joint 

FRACTURES OF THU^IB 
METACARPAL 

Bennett or Stave Fracture The most 


frequent t>'pe of fracture of the fir«t meta 
carpal is one in which the line of fracture 
passes obliquely upward from the ulnar 
aspiect of the metacarpal shaft toward or 
actually into the metacarpal trapezium ar 
ticulation This the so called Bennett or 



Fic 793 The palmar saucer Hand 
and carpus comb ned make a saucerl ke 
concaNit} m both long axis (B) and 
short transverse axis (A) In using trac 
tion and splmtmg in the hand this 
should be kept m mind 



Fig 794 Dropped knuckle Semi 
dia^mmatic view from above (A) and 
profile view (B) Correct on of this de- 
formil> Is basis of reduction procedure 

stave fracture is cau ed bv a blow di 
reeled against the tip of the extended thumb 
or against the end of the first phalanx or 
metacarpal with the thumb m flexion (Fig 
795 ) The long diatal fragment is displaced 
to the radial side and overrides the base 
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This fracture is accompanied by early swell- 
ing which obscures the deformity so that 
the injury is often incorrectly diagnosed as 
a sprained thumb. The outstanding symp- 
tom is pain on abduction of the thumb, 
noted especially when attempting to grasp 
an object or to oppose the thumb to the 
index finger. Comparison of the two hands 
may reveal that there is a loss of normal 


DISLOCATIONS 

the thumb extended and hjperabducted in 
order to maintain reduction To this posi- 
tion Marble takes justifiable exception, pre- 
ferring to dress the hand with the thumb 
flexed and set forward in opposition to the 
other fingers in the position of grasp (Fig 
796) If a simple splint or a plaster cast 
suffices to secure reduction of fragments 
and also the physiologic position of the 




Fro. 795. {Lejt) Stave fracture of thumb The common type is 
represented by (A). Attempted abduction of distal fragment has 
opposition of thick muscle bellies which attach to it, and pure abduc- 
tion has little effect on deformity unless rather firm and steady pres- 
sure is maintained to keep proximal end of distal fragment and lower 
fragment both in adduction (B) represents type which requires 
merely immobilization (C) represents the particularly difficult type 
In this type main shaft fragment (ends constantly to partially dis- 
locate from its carpal articulation. 

Fro. 796 (Riiht) Grasp position for stave fracture of thumb The 
attempt to get reduction of deformity is usually made by abduction 
and traction (b) against force of thick muscle bellies which are thus 
put on the stretch (a) as in (A). With traction (c) made as illus- 
trated in (B), by contrast, these muscle bellies are completely re- 
laxed, and reduction is more easily obtained, more readily maintained, 
and in a position much more comfortable for patient. 


alignment at the site of injury w: actual 
shortening of the thumb 
This fracture may often be reduced quite 
easily by traction, but as soon as the trac- 
tion is released the deformity usually re- 
curs. Simple splinting, therefore, is not very 
efficient unless it can be combined with 
pressure over the displaced fragment, and 
the pressure required may be more than the 
soft tissues will tolerate. The classic dress- 
ing of a plaster spica, therefore, has a verj' 
limited field of usefulness, for some form 
of continuous traction is usually require. 
Moreover, the spica is usually applied with 


hand in a given case, either may be a 
satisfactory form of dressing and three 
weeks of immobilization are required. Hoiv- 
ever, if either requirement must be sacri- 
ficed, some form of continuous traction 
must be applied to the thumb. 

Methods of Continuous Traction in 
Hand. The simplest method is a miniature 
Bucks extension with narrow longitudinal 
and circular strips of adhesive tape partly 
encircling the thumb or finger (Fig. 797). 
Care must be taken to avoid painful pres- 
sure of the tape upon the nail bed. It is 
not alwaj's possible to secure sufficient trac- 
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Uon in this way and the adhesne ma> 
loo en without warning 
Another method is to make traction \ia 
the fingernail b\ pacing a mattress suture 
of wire silkworm gut, or cilk through its 
tip (Fig 79S) In the author s experience 
this IS apt to be painful and insecure, al 
though Ke> and Conwell and others recom 
mend it highlj 

Japanese wo\ en finger traps are used but 
the\ are dangerous and thej ha\e been 
known to produce gangrene 
If skin or fingernail traction is not suffi 
cient, the author prefers to resort to skele 
tal traction, employing a Kirschner wire or 



Fig 797 Adhesne finger traction 

(A) Application of lateral traction strips 
and a spreader Jvote that finger is not 
completely coiered and that mcks in 
edges of Strips allow accurate fitting 

(B) Application of stay strips Note 
that thei do not completely encircle 
finger (C) Overall apphcation of nar 
row Ace Elaatophst or other elastic 
bandage to minimise slipping 

a needle drilled through the phalanx (Fig 
799) In some instances when the tvire is 
drilled from the side of the finger it will 
turn aside from the bone and pas^ onh 
through soft tt.sues The author haa in 'uch 
ca.es drilled throu"h the di tal phalanx 
from a point on its dorsal aspect ju t 3bo\e 
the root of the nail emerging on the \olar 


aspect The problem of the bowing of the 
wire which occurs when using skeletal trac 
tion on large bones is not troublesome in 
the fingers for only a small traction force 
IS needed Indeed, in using skeletal traction 
serious harm may result from o\ erpull upon 
phalanges and their connecting ligaments 



Fig 798 Fmgemail traction Note 
that loop which may be flexible wire or 
strong sdk i» passed through hole m 
nail as far proximal as po sible A kid 
ne> needle held m a pair of phers la an 
excellent method of making this hole 
pasaing needle underneath diatal edge 
of nail gentJi forcing point as far pros 
imal as posaible and then coming up 
through nail 

(The so called Japanese finger trap of 
woven wire or cord should not be used The 
risk of circulatorv damage is real and the 
danger sufficient to interdict its use A thin 
leather glove finger glued to the digit with 
a (en cent piece in its tip to act as a 
spreader is much safer (Fig 800) Another 
method of securing traction on the finger is 
that advocated b> Bohler through a wire 
loop passed through the pulp of the finger 
tip just distal to the tip of the terminal 
phalangeal bone and dorsallj close to the 
fingernail (Fig 801) ^^lth the small 
amount of traction necessary in these hand 
cases this la said to b® effective and is said 
to produce Tittle if anv di comfort Becau e 
of the densitj of the fibrous «epta in the 
finger pulp it bolds well I have seen it 
used and have u«ed it but have never been 
able to feel that it is preferable to glove 
finger or skeletal traction It is however 
held to be preferable to either of the e m 
the opinion of a number of men It is essen 
tial that the flexible wire loop be passed 
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deeply, just distal to the tip of the bony 
phalanx, and that a spreader be used to 
prevent approximation of the sides of the 
loop.— Ed.] 

Having secured a traction cord to the 
finger, provision must be made for a point 
of fixation This is best obtained by apply- 
ing a cuff of plaster of paris about the wrist 


directly to the wire frame or elastic bands 
may be Introduced to take up any slack. 

The application of skeletal traction to a 
Bennett's fracture is best indicated by Fig 
804, which shows the use of skin traction 
upon the thumb Skeletal traction may be 
employed with the same apparatus. The 
flexed position of the thumb is preferable 



Fig 799. Skeletal finger traction. Kirschner wire through terminal 
phalanx — anteroposterior direction and lateral direction. (A) repre- 
sents side-to-side insertion Small thin cotton collodion dressings are 
glued to pin and skin (a) (B) represents front-to-back method of 
insertion. (C) represents finish^ traction (b) b a small pad of felt 
to keep pin from sliding back and forth (d) is an aluminum or other 
flat strip serving as a traction yoke (c) b an adhesive-plaster strap- 
ping covering ends of pm and preventing yoke from slipping off. 
(e) is an elastic band for traction purposes 


and incorporating therein a U-shaped loop 
of heavy wire such as that found in coat- 
hangers. This wire loop projects beyond the 
fingertips and may be bent to any desired 
angle so that traction may be made upon 
either extended or flexed fingers (Fig 802). 
If flexion is needed, slings between the side 
bars of the bent wire loop provide support 
for the finger and the traction cord is carried 
back to the wrist, thus drawing the finger 
in an arc upon the wire splint (Fig. 803). 
Bbhler believes that a simple cuff is inse- 
cure, and advocates an unpadded plaster 
cast from elbow to knuckles, but if the 
plaster cuff is applied firmly but smoothly, 
using a Strip of felt for padding over the 
St' !oid processes, this insecurity may be ob- 
viated. The traction cord may be anchored 


to a hyperextension provided it ensures a 
satisfactory maintenance of the reduction 
and fixation of the fragments. 

FRACTURES OF METACARPALS 
OTHER THAN THUMB 
These commonly result from blows on 
the knuckles during a fist fight or boxing 
match Fractures may occur at the neck or 
in the shaft of the metacarpal, and more 
than one bone may be involved There may 
not be any obvious deformity, the only signs 
being tenderness and swelling on the back of 
the hand Displacement when present usu- 
ally takes the form of bowing with the apex 
on the palmar aspect. If this is not cor- 
rected, a troublesome disability ensues, due 
to the projection of the bone into the palm 
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Fig 800 (.Left) Clove-finger IracUon (a) represents 
finger of a tbtn leather glove nhicb fits finger snugl> and is 
glued on to whole lengUi of finger with Sinclair’s or other 
skm glue (b) represents a silver dime which is put into 
tip of glove finger before its application It acts as a 
spreader (c) is traction cord pas'ed through a hole punched 
in tip of glove 

Fig SOI {Cettter) Finger pulp traction Wire or heavy 
silk IS passed through fingertip pulp as close to tip of bony 
phalanx as possible and emerging well laterally on either 
side of pulp A curved needle is u'^d to carrj wire or thread 
(a) A piece of Kirscfaner wire can be used as a «preader (b) 
A loop in wire or «ilk i» used to carry elastic or other traction 
cord (c) 

Fig 802 {Right) Plaster cuff and wire-loop traction 
Plaster cuff should ^ well molded, «nug fitting, and with 
little or no padding Wire loop lies embedded in front of 
plaster Traction that de'cribed in Fig 797, and its direc 
tion can be changed at mil 
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where it interferes with the grasping of 
tools. 

The characteristic deformity in neck frac- 
tures is a dropped knuckle, the head of the 
injured bone lying in front of a line drawn 



end of wire loop. Slings provide adequate 
support in maintenance of any desired 
degree of flexion, and can be changed at 
will. 



Fig. 804 Skeletal traction (o Ben- 
nett’s fracture. Wire loop is imbedded in 
radial aspect of plaster. Position of hand 
is that shown for Fig. 796. 

through the other metacarpal heads. Cases 
without displacement, or with slight bowing 
which is easily corrected, may be adequately 
treated by a dorsal splint of plaster molded 
to the hand. The angulation deformity may 
sometimes be corrected by bandaging the 
flexed fingers over a roller bandage grasped 
in the palm, but this dressing is unreliable, 
cumbersome, and immobilizes uninjured as 
well as fractured fingers. It b, therefore, 
not recommended. 

[As a matter of fact this dressing, when 
used, should be limited to fractures of the 


shaft of the bone without overriding Here 
it conforms to the normal arch of the bone 
In the neck fractures, however, it tends to 
maintain or increase the forward angula- 
tion of the head fragment (Fig 805) The 
editor heartily agrees with the recommen- 
dation that it be not used 
These neck fractures with forward angu- 
lation of the head fragment are frequently 
impacted and therefore difficult to reduce. 
The flexibility of the metacarpophalangeal 
joint makes the finger a poor source of 
leverage. Hyperextension at the joint tends 
frequently to increase the deformity (Fig 
806). A method of reduction which can be 
employed Is illustrated in Fig. 807, utilizing 
the damp here shown, or any similar 



Fig 805. Effect of roller bandage on 
metacaipal-neck fracture. (A) repre- 
sents roller bandage gripped in finger 
Last two phalanges are ordinarily band- 
aged around roller (B). Net result is a 
doivnward and forward traction on head 

(C). 

mechanism, to disimpact the fragments and 
to effect reduction. 

The maintenance of reduction in these 
ra«;e s is often difficult The mechanism must 
employ dorsal fixation of the shaft frag- 
ment to the point of fracture with elimina- 
tion of metacarpocarpal motion plus palmar 
support of the head and neck fragment to 
prevent re-angulation of the head into the 
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palm A mechanism for accomplishing this 
by a arcular plaster gauntlet is illustrated 
(Fig 808) -Ed ] 

In the shaft fractures in which the 
ohliquitj of the fracture line prc'^ents diffi 
culties due to o\erriding, a traction dressing 
should be emploj ed in the manner described 
for fractures of the thumb metacarpal and 
with the finger corresponding to the injured 
metacarpal flexed upon the bent wire loop 
This will permit motion of the unin\ol\ed 


Open reduction and plating of these frac 
tures has been done with excellent results 
from the standpoint of earlj actue use of 
the hand It is a procedure requiring special 
plates and careful technic and should be 
reserved for the expert in bone surgery 
[See Chapter 22 for plating —Ed ] 

METACARPOPHALANGEAL 

DISLOCATIONS 

The first metacarpophalangeal joint is 



Fig 806 Effect of byperettension on metacarpal 
neck fracture One might theoretically assume that 
h>*perextension at metacarpophalangeal joint would 
correct forward angulation at neck Actually, straight 
hyperextension (A) as can be readily seen tends to 
depress head still farther Tbeoreticallj, a combina 
tion of hyperextension plus direct dorsal traction 
(B) and (C) should correct deformity Even if it did 
It would be extremely difficult to mamtam these 
forces Actually, the procedure is not very effective 


fingers during convalescence and thus avoid 
considerable stiffness Three weeks is usu 
allj a sufficient period for splinting al 
though delajed union may be encountered 
necessitating longer immobilization 
Fractures of the second and fifth meta 
carpalb should have protection along the 
side in addition to that applied to the 
dorsum to correct any lateral deviation 
Bosworth has reported success in pinning 
a fractured fifth metacarpal to the fourth 
with two Kirschner wires (Fig 809) He 
advises that the wires be placed at an angle 
to each other rather than parallel and pre 
fers that both pass through the distal frag 
ment rather than one on either side of the 
fracture line as the latter allows rotation 


dislocated more frequently than the other 
four combined The relative strength of 
IigamentoUi attachments at this joint is 
responsible for the frequency of injury as 
well as for the rather typical displacement 
The lateral ligaments are strong and are 
reinforced on the dorsal aspect by an expan 
Sion from the extensor tendon On the volar 
a'lpect, however, the glenoid ligament a 
fibrocartilaginous plate, is attached firmly 
to the phalanx but only weakly to the 
metacarpal head When the thumb is hj-per 
extended, it is this weak anterior attach 
ment which separates, allowing the phalanx 
to pass backward upon the radial aspect of 
the first metacarpal The displaced phalanx 
may assume an erect position, Ijang perpen 
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dicular to the metacarpal (the simple dis- In a considerable proportion of cases, closed 
location), or it may come to rest parallel manipulation is unsuccessful, for, in addi- 
with the axis of that bone (the so<alled tion to the obstacles cited, the tendons may 
complex dislocation). When the latter oc- encircle the neck of the projecting meta- 
curs, the torn glenoid ligament may come carpal bone like a collar 



Fig. 807. Clamp reduction of meta- 
carpabneck fracture. This is an ordinary 
woodworker’s U clamp. Felt pads are 
placed over distal portion of shaft an- 
teriorly and posteriorly and clamp is 
screwed down tightly onto these felt 
pads. Screw handle of clamp is then 
suddenly forced in direction of arrow 
carrying butt of other end forward and 
upward under metacarpal head as il- 
lustrated by arrow. U shape of clamp 
makes it possible to apply it to any of 
the metacarpals. 

to lie between the two bones, and offer an 
impediment to reduction, because traction 
in the axis of the thumb only wedges the 
torn ligament more firmly between the 
bones. In the complex dislocation, reduction 
can be secured only by first hyperexlending 
the thumb so that it lies perpendicular to 
its normal axis and then, while traction is 
maintained in the direction of h>'perexten- 
sion, pushing the base distally until it clears 
the metacarpal head. The thumb may then 
be flexed into its normal position (Fig. 810). 



Fic. 808. Maintenance of reduction 
of metacarpal-neck fracture Following 
reduction a smooth-fitting unpadded 
plaster gauntlet (A) is applied to lower 
half of forearm and hand, excluding 
thumb This extends down to a point just 
proximal to fracture site It is accurately 
molded to shape of hand front and back 
so as to more or less grip metacarpal 
shaft. A molded plaster splint is then 
extended from lower end of this plaster 
distally underneath affected finger to a 
point about 1 5 or 2 cm. beyond meta- 
carpophalangeal joint It is then bent at 
a right angle. While traction is main- 
tained, proximal phalanx is then flexed 
over projecting edge of right angle in 
mold^ plaster splint with a felt pad 
(B) between finger and plaster. An 
elastic or other bandage (C) is used to 
hold proximal phalanx in this flexed 
position, leaving the two terminal 
phalanges free. Net result is traction plus 
a backward force exerted on head 
through first phalanx (D). 

If closed reduction of the dislocation 
under anesthesia fails, resort must be had 
to operation, at which time the dislocated 
phalanx can be exposed and pried into posi- 
tion after the interposed glenoid ligament 
has been freed. 


975 


METACARPOPHALANGEAL DISLOCATIONS 


A "plint or a bandage which will hold the 
thumb flexed upon the palm is required for 
fi\e to '!e\en da^s after reduction There 
after actise motion «houId be encouraged as 
there little likelihood of recurrence A 


seems to have been experienced in reducing 
them bj traction and pressure than with the 
postenor variety 

Dislocations at the other metacarpo 
phalangeal joints offer few obstacles to re 




Fig 809 {Left) Rir^hner wire pinning of metacarpal «haft fracture Fracture is reduced 
and the pieces of kirschner wire pas ed as illustrated Enda can be left projecting covered by 
admail dressing or they can be cut off just beneath ^km to be removed when union is comp'ete 
Under either circumstance fingers are free to move and patient can carry on considerable 
activity during healmg of fracture 

Fig 810 (Ce«/er and JJigAt) Simple and complex dislocation of thumb 
{Center) In simple dislocation position of bones ai. illustrated with abductor pollcis (1) 
and flexor poUias brevTs (2) earned backward with phalanx on outer side Proximal portion of 
tom glenoid ligament is carried upward m front of metacarpal head (3) Flexor pollicis fongus 
tendon (4) lies m front m simple dislocation Reduction mu«t be accompb«hed by traction in 
direction of arrow (a) and simultaneous push against ba'e of phalanx m direction of arrow (b) 
Straight distal traction may convert simple dislocation into complex dislocation 

(Rig/ir) In complex dislocation of phalanx (often as result of ill advised straight traction) 
phalanx lies parallel with but dor«al to metacarpal It carries back with it tom glenoid ligament 
which becomes mterpo ed between b3«e of phalanx and bead of metacarpal (3) Flexor polhcis 
longus tendon is earned backward on inner side (4) so that neck of metacarpal is bowstringed 
between It and abductor poUicis (1) and flexor poUicis brevis (2) Operative reduction is nearly 
always necessary Occasionally reduction can be accomplished by causing phalanx to assume 
position of simple dislocation and then by repeated attempts at do ed reduction of simple dis 
location glenoid ligament can sometimes be milked from between the two bones 


greater danger is that of prolonged stiffness 
and indeed <;ome painful stiffness may be 
experienced for as long as two to three 
months after this injury under any condi 
tions Active motion is the best method of 
overcoming this di'^abilitv 
Anterior di'^locations of the thumb have 
been de«cnbed but are rare Le«s difficulty 


duction but if simple traction is not effec 
tual a maneuver such as that described for 
the thumb— traction in hyperextension fol 
lowed bv direct pressure on the phalangeal 
ba«e— should be attempted Subluxations 
are sometimes encountered and may become 
habitual they practicalh never caiLe 
enough difficulty to require operation 
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FRACTURES OF PROXIMAL 
PHALANGES 

Fractures of the proximal row of phalan- 
ges have quite a characteristic tendency to 
angular deformity, concave on the dorsum, 
due to the action of the intrinsic muscles 
upon the proximal fragment. The practical 
application of this fact is the need for dress- 
ing these fractures with the invohed finger 
or fingers in flexion, thus placing the distal 
fragment in the plane assumed by the prox- 
imal one. 

Reduction consists largely in the correc- 
tion of angulation since shortening is not 
much of a problem and very little traction 
is required upon the finger. There are sev- 
eral satisfactory methods of securing fix- 
ation with the finger in the flexed position 
That described by Jahss is one of the 
simplest : 

The finger is flexed into tbe palm and 
anchored by two strips of adhesive tape 
crossed o^er the back of the finger and 
continued on about the hand. Tbe author 
reports success with this method not only 
in fractures of the second to the fifth prox- 
imal phalanges but also in those of tbe 
thumb Adhesive tape is apt to slip, and, 
moreo\er, this dressing restricts movement 
of the uninjured fingers. A very satisfactory 
splint may be quickly fashioned from an 
ordinary large wire hairpin covered with 
adhesive and bent to the appropriate angle. 
This splint should extend at least from 
above the proximal flexion crease in tbe 
palm to the distal interphalangeal joint. 
Others prefer to splint with molded plaster 
of paris or aluminum or molded plastic 
strips. The splint, whatever its nature, is 
held in place by circular strips of adhesive 
reinforced bj' bandage. It is rarely that 
there is need for continuous traction on 
these fractures, but it may be employed if 
required. The difficulties encountered in 
correcting the angular deformity will dic- 
tate the method to be employed. Ordinarily 
the simpler methods are preferred, but not 


at the expense of permanent anculation, 
which may produce restriction m the action 
of the flexor tendons of the finger inter- 
fering with the making of a fist. 

FRACTURES OF MIDDLE 
PHALANGES 

The point of insertion of the superficial 
flexor tendon near the middle of the shaft 
is the factor determining the displacement 
in fractures in this segment of the finger. 
If the fracture line lies proximal to it, the 
tendon tends to draw tbe distal fragment 
forward. Obviously, an angulation of this 
nature should be straightened out and tbe 
finger placed on a straight splint. Fractures 
distal lo the tendon insertion show a dis- 
placement which U the reverse of that just 
described, the proximal fragment being 
flexed. Accordingly, such cases should be 
treated with the finger flexed over a curved 
splint. Tbe measures for securing immobili- 
zation have already been described in the 
discussion of fractures of the proximal row 
of phalanges Tongue depressors, wire hair- 
pins, or molded strips of aluminum or plas- 
ter may serve as splints. They should ex- 
tend sufficiently far up the hand to fix tbe 
metacarpophalangeal joint but should not 
interfere with normal use of the uninjured 
fingers. 

The continued active use of the unin- 
volved portions of the hand and lingers 
through the entire period of treatment is 
exceedingly important in all phalangeal 
fractures. Any stiffening or disability of 
parts other than those fractured is attrib- 
utable to treatment and not to the injury 
Itself In appl>ing dressings and in super- 
vising the convalescence of the patient, pro- 
vision should be made for acthe exercise. 
Detailed instruction should be given in the 
manner of carrying this out, and the patient 
must never be allowed to forget the neces- 
sity for exerting his own active efforts which 
are far more beneficial in contributing to 
recovery than any baking, massage, or pas- 
sive exercises. 
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FRACTURES OF DISTAL 
PHALANGES 

“Mushroom’ Fractures Several tvpes 
of fracture are encountered m the distal 
row of phalanges A common variety is the 
comminuted ‘ mushroom fracture resulting 
from a crush, as when the finger is caught 
m a prc'S or other machinery or is pinched 
in a door Soft tissue damage is 'o con 
spicuous in these injuries that the fracture 
maj be o\ erlooked unless ra> pictures are 
taken Frequentlj there is a «ubungual 
hematoma or a compounding of the frac 
ture The displacement of fragments is u«u 
ally not ettensu e and maj be o\ ercome bv 
simple molding For the^e comrmnuted 
fractures of the fingertip a wire hairpin 
provides an excellent splint although other 
materials serve well Whatever material 
ma> be cho en the «plint should project 
slightlj bejond the fingertip to protect it 
from the trauma of frequent painful con 
tacts 

[W’hen fractures of the bulbous cancel 
lous end of the terminal phalanx are com 
pounded as well as comminuted and par 
ticularly if there is gro^s contamination the 
risk and extent of infection maj be mini 
mized b> exasion of the comminuted frag 
ments as part of the wound toilet After 
such a procedure thc'-e wounds are much 
more apt to heal rapidlj and without osteo 
m>elitis and less apt to be habituallj ten 
der, jet the ba'^e of the phalanx which is 
retained gives sufficient ngiditj to the 
fingertip to make it u eful — Ed ] 

‘Baseball’ Fractures Another distinc 
tive injury in this region is the so-called 

baseball fracture involving the dorsal 
facet of the distal interphalangcal articula 
tion It IS m realitj a spram fracture vnth a 
tearing off of a fragment of bone with the 
in ertion of the extensor digitorum tendon 
Sutunng of this tendmo-os^eous disruption 
IS difficult, as the periosteum of the distal 
phalanx does not provide a sufncientlj firm 
bite for the surgeons needle The results of 


conservative therapj are satisfactorj , pro- 
vided early and umnterrupted immobihza 
tion IS instituted and is maintained for a 
suffiaentlj long period The distal inter 
phalangeal joint must be hj-perextended to 
approximate the fragments and this hyper 
extended position must be maintained with 
out interruption, even during the necessary 
changes of dressing, for from five to six 
weeks Plaster or aluminum may be used 
for splinting, or one of the several thimble 
shap^ splints which are on the market may 
be u ed 

[In the late ca^es, with the ‘dropped’ 
fingertip resulting from inadequate con 
servative treatment, or following no treat 
ment repair can be effected by a tbm fascial 
suture threaded through the end of the 
tendon and parsed through a side to side 
bole drilled through the terminal phalanx 
near its ba«e The procedure is technically 
not easj i:» not too certain to be successful, 
and should be resorted to only if actual dis 
ability results from the dropped fingertip 
deformity —Ed ] 

Chip Fractures Chip fractures of por 
tioDs of the articular surface of the phalanx 
may be encountered, especially if the trau 
matizing force has acted to produce a lateral 
deviation These fractures are often over 
looked, in the ab ence of x ray, and errone 
ously considered to be simple sprains They 
«:houId be suspected whenever there is a 
bislorj of mterphalangeal dislocation The 
occurrence of this tjpe of articular frac 
ture IS not restricted to the terminal row 
of phalanges, but occurs at the other joints 
of the fingers as well Occasionally, a small 
fragment undergoes rotation or actuallj 
clips into the joint space co that it cannot 
be replaced bv closed manipulation Such 
frz^ments require excision The usual case 
requires onlj simple cpUntmg for about ten 
days If neglected, a painful stiff finger is 
to be antiapated [For further considera 
tion of thece cprain fractures see Chapter 
41 —Ed ] 

Attention is called to the studies of Smith 
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and Rider on the healing of phalangeal frac- 
tures. They have shown that the fracture 
line remains visible by x-ray for as long as 
four to five months. Often tlie decreased 
density is even more evident after 30 days 
than it was immediately after the injury. 
Clinical union, hou ever, is obtained in about 
one-quarter of this time, and treatment 
should be based upon clinical rather than 
x-ray findings to avoid the incapacity which 
would result from prolonged immobiliza- 
tion. 

Fractures of this terminal row of pha- 
langes do not, as a rule, exhibit any tend- 
ency to shortening, and hence continuous 
traction is not required. In cases in which 
an open wound makes it unfeasible to em- 
ploy any form of external splint, fingernail 
traction may be resorted to, since traction 
on the skin obviously presents the same 
difficulties in care of the wound as does a 
splint. 

INTERPHALANGEAL DIS- 
LOCATIONS 

Dislocations of the fingers are very com- 
mon' and often are reduced by the patient 
himself without surgical aid. The luxation 
usually is posterior, although anterior or 
anterolateral dislocation is not unkitoun. 
Reduction is obtained by traction upon the 
displaced segment combined with appropri- 
ate pressure at the point of deformity- In 
dislocations at the terminal joint, reduction 
may be difficult, as there is little upon which 
to obtain a gr.asp Speed estimates iJiat 
about 25 per cent of dislocations of the ter- 
minal phalanx are irreducible by closed 
manipulation and require open reduction. 
Before resorting to operation, it is well to 
introduce a Kirschner wire through the ter- 
minal phalanx and use this as a tractor. 
Some degree of disability may follow' even 
successful reductions, but the serious crip- 
pling which is inevitable in old unreduced 
dislocations could be eliminated by opera- 
tive reduction where closed maneuvers have 
failed. 


Compound fractures or dislocations (see 
also Chapter 22) of tliese bones are ex- 
tremely common and often comprise one 
feature of an extensive hand injury This 
IS not the place for extensive discussion of 
wounds of the hand and only a few general 
principles which concern the bony injury 
Itself can be emphasized here. 

The fundamental problem is tlie avoid- 
ance of infection in addition to correction 
of deformit)'. If infection occurs, it becomes 
certain tliat the disability period will be 
protracted, that there probably will be con- 
siderable permanent impairment of func- 
tion, and there may be actual Joss of the 
part. Every effort must be exerted, there- 
fore, to prevent the development of infec- 
tion in the wound. This should be possible 
in most cases seen within six to eight hours 
of Uie injury. After the lapse of this amount 
of lime the wound must be regarded as 
potentially infected 

The measures by which sepsis may be 
prevented consist briefly in mechanical and 
surgical cleansing of the wound followed by 
reduction aud adequate immobilization 
This is very simple in principle, but the 
practical details of its application are loo 
often neglected, with disastrous results. 
During the first few hours after injury the 
invading bacteria are relatively few in num- 
bers, and have not had opportunity to gain 
a foothold by deep penetration into the 
tissues. Painstaking but gentle mechanical 
cleansing with soap and water on cotton 
pledgets, the removal of foreign material, 
and the excision of all nonviable tissue will 
eliminate not only most of the bacteria 
present, but also the devitalized tissue 
which might serve as a medium for the 
propagation of the surving organisms. 

Whether the wound may be closed after 
debridement, thus converting an open frac- 
ture into a closed one, is a matter calling 
for fine discernment on the part of the sur- 
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geon In general it is wise to take the con 
servative course of leaving the t\ound open 
If the period of contamination has already 
elapsed when the injury is first seen by the 
surgeon, it must be assumed that local sur 
gical intervention will result only in spread 
mg the infection Under •^uch circumstances, 
the wound must always be left wide open 
without meddlesome interference and the 
resistance of the patient aided bj supportive 
measures rather than by direct frontal 
attack 

In cleansing a wound, we prefer to place 
our reliance on ordinary soap and water 
rather than on antiseptic solutions Those of 
the latter which are measurablj active prob 
ablj do more damage to normal ti sue than 
they do to bacteria The routine of soap and 
water cleansing should include, first, scrub 
bing the skin surrounding the wound, then 
cleaning the wound itself including its deep 
est crevices and pockets and finally a thor 
ough flushing with normal salt solution or 
sterile water This process should be carried 
out with meticulous thoroughness Too often 
It IS done with a dab and a promise and is 
httle more than a gesture 

The next step is the careful excision or 
debridement of all tissue which has been 
deprived of its blood supply This should 
be done systematical!} , layer by layer In 
case of doubt concerning the sacrifice of a 
particular bit of soft tissue, the determining 
factor must be its viability rather than its 
functional importance By and large, bone 
fragments should be replaced rather than 
remov ed unless they are obviously nonessen 
tial Ample exposure of the depths of the 
wound must be obtained to ensure removal 
of all foreign material 

WTien debridement has been accom 
plished, the question of skin closure must 
be faced If it is possible to do this healing 
IS certainly accelerated, but there is also an 
invitation to infection Each ca«e is a law 
unto Itself in this regard, and there can be 
no general rules If the «kin margins cannot 
be brought together without ten':ion, resort 


may be had to one of several expedients 
Simplest of all is the use of relaxation inci 
sions parallel with the wound to permit 
closure, or the marginal skin may be con 
verted into a sliding skin flap which will 
allow the bone to be covered, leaving the 
site of the flap to be grafted later if necea 
sarj A free graft of skin may sometimes be 
used to close the gap if other means fail 
Such grafts may serve a temporary protec 
tive purpose even if they do not survive 
but no form of closure should be attempted 
if there exists any reasonable doubt con 
cerning dangerous residual contamination 
of the wound 

The dressing used on these open cases 
should make provision for the care of the 
wound Splints should be of a material 
which will not be damaged by exudates or 
wet dressings Skeletal traction on the fin 
gers is particularly useful Prophylactic 
tetanus and perfrigens antitoxin have their 
appropriate indications Sulfanilamide has 
proved its usefulness and there is some evi 
dence (hat the introduction of its crystals 
into the wound itself m addition to oral 
administration is of value in rapidly obtain 
iDg a high local concentration of the drug 
(See Chapter 22 for discusSion of chemo 
therapy —Ed ] 

(While some difference of opinion exists 
It is the consensus that severed tendons and 
nerves should be treated by primary suture, 
even if it seems possible that the wound may 
later become infected (See Chapter 42 for 
technic ) 

WTien treated m the contaminated stage 
It IS always best to do'e the wound by any 
of the methods advised in the text This is 
practically obligatory when tendons are 
exposed 

The cleaning and debridement of a hand 
wound are best done under a tourniquet 
While the skm is being thoroughly cleaned, 
the wound itself should be kept plugged 
with sterile gauze Benzine followed by 
alcohol, or ether may be used for the re 
moval of contammating grea'e or oil Fol 
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lowing the completion of the wound toilet, 
the tourniquet should be released, and such 
additional hemostasis as is necessary should 
be carried out. Meticulous hemostasis is 
important in these cases. 

A pressure dressing with even distribution 
of the pressure, to prevent distention of the 
tissues by edema and inflammatory exudate, 
is of great importance in minimizing the 
risk of tissue tension subsequent to opera- 
tion which carries with it the risk of infec- 
tion and tissue necrosis. Sea sponge, gauze 
fluff, or cotton, covered by an Ace elastic 
bandage, is excellent for this purpose. With 
such a pressure dressing badly contused or 
seemingly devitalized skin will act as a 
primary skin graft.— Ed.J 

Amputation is to be avoided whenever 
possible as even the smallest unit of the 
hand may serve a useful function. It must 
be recognized, however, that at times the 
struggle to save an injured member may be 
carried on so long that useful function of 
the adjoining parts is lost by disuse and the 
stiffening incident to prolonged edema. The 
function of an entire hand may thus be 
jeopardized whereas an early decision to 


perform a limited amputation may reduce 
the length of disability, and also result in 
an increase in the usefulness of the remain- 
ing portion of the band. 
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Fractures of Upper End of Femur and 
Dislocations of Hip 


Lawson Thornton, M.D. 


This subject will include the different 
tj’pes of fractures encountered in injuries 
to the upper thigh, which, for the sake of 
convenience, are here listed: (1) Femoral 
neck, (2) intertrochanteric region, (3) shaft 
adjoining trochanter, (4) head of femur, 
(S) central dislocation of head with frac- 
ture of acetabulum, and (6) dislocation of 
hip joint. 

FRACTURE OF FEMORAL 
NECK 

Any discussion of fractures of the upper 
third of the femur centers upon the femoral 
neck as one of the sites most frequently 
injured as well as that having the highest 
percentage of nonunions (Fig. 811). Today 
a discussion of femoral-neck fracture en- 
tails a completely changed attitude from 
that of a few years ago, due to a new method 
of treatment. This changed attitude has 
resulted from the introduction of the Smitb- 
Petersen nail, and a safe means of inserting 
it to hold the fragments accurately in a 
patient of any age without the necessity 
of external fixation. 

The author considers this procedure the 
most outstanding contribution to fracture 
work in a number of years. Accurately ap- 
plied, it assures the patient of a good walk- 
ing hip in over 95 per cent of all cases, a 
percentage never reached heretofore, and 


for this reason he thinks it should be made 
available to every person having such a 
fracture. 

jTbe percentage of good walking hips 
here cited as the result of pin fixation is 
somewhat higher than that generally 
claimed. The figures generally quoted in 
a national cross-section would be between 
75 and 60 per cent. Not all of the unsatis- 
factory results are due to nonunion. Some 
of the cases which unite show degenerative 
changes in the next two or three years which 
result in stiff and painful unsatisfactory 
hips. The percentage of these cases is 
variously estimated at from 5 to 15 per 
cent of the total number. The median point 
of 10 per cent would probably represent 
the general finding. 

It is interesting that this group of late 
degenerative changes after union is about 
the same whether closed reduction and 
plaster, closed reduction and lateral nailing, 
or open reduction and nailing is the method 
of treatment employed, and that in cases 
discharged from observation at the end of 
one >'ear with union the percentage of these 
cases is low. This is due to the fact that 
the degenerative changes are slow and most 
often first give sjTnptoms in the second or 
third year following injury, and are there- 
fore missed. These changes are not neces- 
sarily preceded by the aseptic necrosis 
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described by Phemister The circulatory de 
ficiency in these cases is usually not sufB 
cient to produce massive death but is 
sufficient to induce the gradual degenerative 
change 

The country wide average mortality rate 
after closed reduction and plaster is about 
20 per cent The country wide mortality 



Fro 811 Fracture of neck of femur 
Backward rotation and upward nd ng 
of trochanter (Drawing made from 
xray) 

rate after pin fixation is not more than 
10 per cent —Ed ] 

It IS unnecessary to apply a plaster spica 
or any form of external splint Freedom of 
movement in bed is advisable from the 
beginning with daily use of a wheelchair 
allowable after the first postoperative day 
From an economic standpoint the saving is 
considerable Instead of weeks or months of 
hospitalization and specialized nursing as 
experienced in the past as a rule the num 
ber of days m hospital is no greater than 
that of a simple appendectomy and nursing 
is reduced to that of general care W e have 
found that transportation of the patient for 


two or three hundred miles by ambulance 
can be undertaken safely making it pos 
sible to reach the nearest location which is 
staffed and equipped for handling such 
problems 

The success of the method is attributable 
to the fine holding qual ties of the Smith 
Petersen nail and to the min mal surgery 
required to place the nail The s mpl city 
of the procedure and the rapidity with 
which it can be carried out are misleading 
to the inexperienced It is simple only when 
done properly and this calls for accurate 
knowledge of hip joint surgery 

As employed in this country by Dr H H 
Wescott of Roanoke with personal modi 
fications the details of the procedure as the 
author uses it are as follows 

The patient is transferred to a wheeled 
stretcher from the ambulance and to avoid 
unnecessary pain is kept on this stretcher 
until the anesthetic is begun W ith a port 
able machine an x ray is taken without 
moving the patient from the stretcher 
Preparations are made for the operation the 
same day or night of the patients arrival 
at hospital Examination of heart lungs 
and blood pressure is made and urinalysis 
IS done If the heart is found fibnllating 
the operation is delayed for digitalization 
If droivsy from previous narcotics no pre 
operative drugs are given No elderly pa 
lient IS given over 1/6 gr of pantopon 

General anesthesia (cyclopropane) is 
begun and the patient is then transferred 
to a Hawley table which is provided with 
a tunnel for the reception of an x ray cas 
sette beneath the patient For local prepa 
ration the entire extremity from toes to 
groin and up over the abdomen is painted 
with iodine and alcohol and the leg put 
through the opening of a laparotomy sheet 
A towel hook is fastened to the skin of the 
groin at the intersection of the femonl 
artery and Pouparts ligament as a land 
mark for later localization of the head of 
the femur The portable x ray unit is then 
rolled to the operating table on the side 
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opposite to the injured hip, and the tube is 
placed directly above the fracture. All op- 
erative work is done from the injured side, 
and all x-ray work is done from the opposite 
side. 

The fracture is reduced by the combined 
movements of internal rotation, abduction, 
and a slight amount of traction, after which 
the extremity is placed on a leg board and 
held in the reduced position by an assistant. 
An anteroposterior x-ray picture is taken. 
^\Tiile it is being developed, an incision is 
made o\er the lateral aspect of the trochan- 
ter on the side of the upper thigh and 
deepened through vastus lateralis to bone. 
The x-ray pictures are overexposed, are de- 
veloped in warm, concentrated solutions, 
and are returned to the operating room in 
a few minutes’ time. If the fracture has not 
been accurately reduced, a second manipu- 
lation is done and another x-ray picture 
made, and this procedure is repeated until 
a reduction is obtained which is as nearly 
perfect as possible. 

[Many men take a lateral view at this 
point as well; the author of this chapter 
prefers it later, after the pin has been 
placed in the neck fragment. 

Satisfactorj- reduction is rather largely 
held to call for a moderate coxa valga posi- 
tion of the head fragment on the neck frag- 
ment, the leg being carried out during the 
reduction into sufficient abduction to secure 
this position. Elimination of shearing strain 
and the establishment of a more direct 
weight-bearing thrust are the advantages 
claimed for such a position as compared 
with the re-establishment of normal an- 
atomic position (Fig. 812). \Mien the orig- 
inal fracture is impacted in this position, 
as is the case in roughly 10 per cent of cases 
(those in which the fracturing trauma has 
been a blow directly against the trochanter) 
the pinning is done without the necessity 
of reduction. 

See the note at the end of this chapter for 
other methods of reduction tised. — Ed.J 

A Smith-Petersen nail is screwed on a 


White* handle. The author keeps on hand 
an assortment of Smith-Petersen nails of 
\’atying lengths but has found that the 
inch nail is required in the majority of 
cases. The nail must be long enough to bite 
deep into the head of the femur but not so 
long as to remain projecting laterally into 
the thigh muscles. Also, if too long it is 
liable to penetrate into the acetabulum. 

Sinking the blunt end of the nail well into 
the lateral cortex prevents it from slipping 
outward with loss of fixation. The nail is 



Fic. 812. Advantage of coxa valga po- 
sition. (A) illustrates normal neck angle 
with presence of shearing strain; (B) 
shows how coxa valga position eliminates 
shear. 

driven into the midlateral cortex of the 
femur a finger’s width below the lowermost 
prominence of the greater trochanter (Fig. 
813). The longitudinal direction is obtained 
by aiming toward the towel hook attached 
to the skin in the groin. The vertical direc- 
tion is found by holding the handle, at- 
tached to the nail, parallel with the surface 
of the table. MTien the patella is rolled 
inward 20“, the neck of the femur should 
lie in a horizontal plane. An anteroposterior 
x-ray is made for a check, and, if desired, 
some may find that placing the gIo%‘ed finger 
through the wound onto the front region 
of the neck will aid in guiding the nail. 

At this stage the first lateral view of the 
fracture may be taken fay flexing the hip 
and knee 90®. Care must be taken to main- 

•Designed by Dr. Warren WTiite. of Greenville. 
S. C 
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tarn internal rotation and wide abducUon This is evidenced by a high pitched note 
while flexing the hip and while replacing It is now just past the line of fracture 
the extremity on the leg board in its ex Again position is determined by x ray in 
tended position, m order not to disturb the both planes Should the nail not be m the 
apposition of the fragments center of the head it is partiall> extracted 





Fig 813 Drawing to show place of entrance and direction of Smith 
Petersen nail (Handle is serened on nad for convenience ) 

Should the reduction not be complete, as with the ^Vhite instrument, redirected re 
shown by this view, or should direction of driven and checked again by x ray (Fig 
the nail be unsatisfactory in either view, 814) When the nail is pointing toward the 
correction is made and recheched by xtay center of the head, it is then driven within 
The nail is then driven up throu^ the a quarter inch of the articular surface A 
porous neck, making a hollow sound until deep bite in the head is essential (Fig 815) 
It comes m’ contact with the solid head Tight closure of the wound is important 




Fig. 814. IHusttatiriR melhod o( maVmg collection if nail is not propetly 
directed first time. Nail has been nithdraun with White extractor, redirected, 
and deeply driven in e.xact center of head of femur. 




Fig. 815. Fracture of neck of femur. Illustrating 
reduction of fracture in both views and accurate 
placement of Smith-Petersen nail at completion of 
operation. 
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\ smal] dressing js applied and the pa 
tient IS put to bed in Ae 'fitting po ition 
if desired and ivitbout anj form of external 
fixation Earlj actintj m bed and in a 
chair and earl} crutch ambulation t, the 
indicated course In the author s follow up 
care he su^esL. terj light weight beanng 
on crutches in from 8 to 12 weeks and full 



Fig 816 End to-^ide po itioa of fern 
oral cecK fracture as «eea in antero- 
po tenor and lateral \ leir ( A) <bows 
rounded appearance of head in antero* 
po'tenor ciew due to rotation of bead 
fragment (B) «hows ob\ious lack of 
contact of fractured «urfaces Unless 
shaft 15 pulled outward bead cannot 
rotate back to a neutral position «iDce 
the two fragments are held tigbtl> 
preyed together bj ten.ion of powerful 
duties nianing from pehis to lower 
fragment In Ledbetter method of re 
duction flexion of th gh relaxes these 
miLcles 

weight beanng onl} when the x ra> picture 
shows union (after 6 to 12 mODlhs or occa 
sionallj longer) 

[There are a number of men who are 
contnnced that open reduction and fixation 
secures re'ulls «upenor to tho^e obtained 
bv closed reduction and nailing The open 
reduction u. done through either a Smith 
Petersen incision or a Wat’onjonea ina 
Sion It is wise to dri%e the nail from the 
trochanter through the neck fragment and 
«ee that it appears in the center of the 
neck fragment before reduang the head 
and then to complete the dn\mg secure m 
the knowledge that the nad is going direcU> 
through the center of the head The fracture 


«ite IS exposed bj removing an antenor trap 
door from the capsule which is left un 
do ed at the end of the operation The 
average point of in ertion of the nail is 
U 4 inches below the ndge repre-enting the 
vastus lateralis attachment to the greater 
trochanter at exactlj 43 with the «haft 
of the femur and parallel with the table 
the patella looking inward la to ZO In 
order to 'ecure adequate coxa valga po^i 
tion «ome men remove a small wedge from 
the neck fragments superior edge ‘o that 
the bead can be cocked up into valgus 
position 

In doing the pinning after a closed re 
duction some men dnv e a heav-j wire from 
the trochanter through the reduced head 
and into the acetabulum so that there is no 
chance of the head kicking off when the 
nail Is hammered through The nail is 
passed over the wire or along ide the wire 
and the wire then withdrawn Special can 
Dulated Dads are provided for driving over 
the wire 

Unfortunatel> closed reduction and plas 
ter the so-called conservative trektment— 
Is often nece^sarj because of lack of facili 
ties for operative treatment refusal b> the 
patient for operation or other circum 
<lances Go^ed reduction is accompli bed 
6> the method described above or bi the 
Leadbetter method In using the method de 
<cribed above which is e'Sen(ialJ> the 
Whitman method it mu_t be remembered 
that occa«ionaIlj an end to- ide po'ition ex 
I ts (Fig 816) as revealed b> the lateral 
view In that case before the internal rota 
lion and abduction are carried out the 
gentle downward traction should be accom 
panied bj outward traction on the thigh to 
disengage the rotated bead from the neck 
fragment allowing the head to rotate into 
normal po'itjon This allows the fractured 
'surfaces to come into contact The internal 
rotation and adequate abduction then result 
in proper reduction which is checked b> 

X ra> 

Leadbetter Reduction- This is accom 
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plished by flexing the hip and knee to right 
angles, the pelvis being held do^ to the 
table by an assistant or by a band or sheet 
tied beneath the table. Moderate traction 
is (hen exerted in the long axis of the femur 
(in this instance upward), following whidi 
the leg is brought downward and outward 
into extension and abduction, with simul- 
taneous internal rotation of the thigh. Tlie 
traction maneuver can be carried out by 
pushing upward on the calf with one hand 
while supporting the foot with the other. 
Or, the calf can be placed on the shoulder 
of the operator, who faces the foot of the 
table alongside the patient and pulls down- 
ward on the lower part of the tibia, using 
the calf as the fulcrum to produce longi- 
tudinal traction on the flexed femur. Keep- 
ing his hold on the leg, he has only to “walk 
out from under” the calf as he carries the 
leg into extension, internal rotation, and 
abduction. Coxa valga is assured by carrj'- 
ing the extremity into 10® more abduction 
than is possible on the normal side. X-ray 
check is required to assure adequate re- 
duction. In the absence of x-ray check, the 
securing of adequate internal rotation and 
impaction of the fragments is gauged by 
the Leadhefter sign, and the attaining of 
proper neck angle and femur length by the 
degree of abduction and by mensuration. 

Leadbetter’s sign consists in resting the 
heel on the side of the supposed reduction 
on the flat palm of the hand. If the leg and 
foot fall into external rotation either the 
rotation has not been corrected or the cor- 
rected fragments have not been impacted. 
If the rotation has been corrected and im- 
pacted, the foot remains upright. 

Following reduction, the extremity is 
placed in plaster in the fully abducted and 
internally rotated position, with slight 
hj-pere-xtension at the hip, slight flexion at 
the knee, and with the foot in normal 
weight-bearing position in relation to the 
leg. This plaster can be either (1) the 
classic Whitman spica extending from the 
axillae down to include both anterior su- 


perior spines and the affected extremity 
down to the toes, leaving the sound leg and 
thigh free, or (2) a spica which extends only 
to the costal margins above, but includes 
both thighs, and the affected leg and foot 
doum to the toes, leaving the sound knee, 
leg, and foot free. In the latter instance both 



Fig. 817. The placing of Moore 
threaded pins (A), anchored by wiring 
together, and threaded pins as used by 
Carothers (B). The attempt is made to 
place Moore pins so that the two upper 
pins are against upper-neck cortex an- 
teriorly and posteriorly, and the two 
lower ones similarly against lower-neck 
cortex. They are therefore placed by a 
band chuck through a small drill hole 
in the cortex so that the contact with 
hard neck cortex can be felt as they are 
forced in. Only distal portions are 
threaded. Self-locking nuts prevent mi- 
gration deeper into or through head, and 
outside ends are tightly wired together 
to prevent backing out of individual 
pins. Carothers pins are fully threaded, 
have lock nuts, and are placed parallel 
at as acute an angle as possible 

thighs must be in full abduction if the pelvis 
is to be fixed. A broomstick fastened across 
the two thigh sections helps in shifting the 
patient. 

The plaster must be left on for a mini- 
mum of eight weeks. It should then be bi- 
valved and the fracture x-rayed without 
plaster, and the plaster replaced. \Miether 
or not the plaster can be removed at that 
time depends on the information obtained 
by x-ray. The routine removal of plaster at 
eight weeks is to be deplored. The majority 
of intracapsular fractures require more than 
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that time in plaster If unioti at eight weeks 
IS doubtful a new plaster is applied and the 
examination is repeated This can be con 
tmued for a total of 20 to 24 weeks, if the 
patient’s condition warrants it 
If at any time the conclusion is reached 
that union is not possible, one of the recon 
strucUve procedures can be employed (See 


today require great justification m any case 
of fractured femoral neck 
Traction suspension m any of its forms 
is unsatisfactory in femoral neck fracture 
Means of fixation other than the Smith 
Ptetersen nail are also used Moore pins 
(Fig 817) Jag screws (Henderson, Lorenzo 
— Fig 818) and autogenous bone pegs 




Fio 818 (ie//) Lag screw fixation of femoral neck 
fracture Henderson lag screw illustrated Pistal sec 
tion IS smooth and does not fit bole too snugly Effect 
of turning distal end is to draw head fragment light 
against neck fragment at fracture line External cur\ed 
metal plate washer prevents head from cutting through 
cortex 

Fic 819 (Right) Autogenous bone-peg fixation 
Using tibial or fibular bone peg Note coxa valga posi 
tion and internal rotation of reduced fracture (A) 
represents a heavy stiff wire temporarily drilled 
through acetabulum to keep head from ‘ kicking ’ out 
of position as se«ion of fibula is driven mlo it through 
a large drill hole It is removed when peg is in position 
If wire IS not used it is necessary to keep thigh in 
abduction and internal rotation sufficient to maintain 
reduction during pegging Coxa valga and oblique 
direction of peg minimize sheanng strain to which 
latter is subjected 


Chapter 15 for osteotomies and arthroplas 
ties, and Chapter 22 for other procedures 
for nonunion ) 

Meticulous skin care, frequent turning of 
the patient, and as much physical activity 
as can be obtained from the patient are 
essential to freedom from decubiti and to 
a low mortality rate 

It should be emphasized that bed rest, 
sandbags, and so-called judicious neglect 


(Fig 819) Multiple dtillmg from the tro 
chanter through into the head at the time 
of the fixation has also been advocated 
(Boszan) to increase the changes of ade 
quate vascularization The value of the 
fatter procedure is doubtful The bone peg 
procedure requires external immobilization 
The consensus is that the Smith Petersen 
nail is equal to or superior to any of the 
others as a means of fixation —Ed ) 
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TROCHANTERIC FRACTURES 

The practice of treating these fractures 
with some form of traction is almost uni- 
versal. Regardless of the method used, 
union practically always occurs, but union 
alone is not sufficient for a good result 
Traction must be applied to restore the 
normal obtuse angle made by the shaft 
on the trochanter and neck, otherwise there 
will be shortening (on account of the co.Ta 
vara produced) with limp and deformity 
(Fig. 820). 

It is very important to make the definite 
distinction between an intertrochanteric 
fracture and a fracture of the closely adjoin- 
ing femoral neck, as traction on the latter 
would seriously jeopardize union. Principles 
quite opposite are employed in the treat- 
ment of these two tj^ses of fractures. 

External Fixation. Several methods of 
traction are available and all generally well 
kno^vn. For many years we have preferred 
and obtained good results with the Hoke 
plaster-traction apparatus. It proWdcs a 
fixed tjTJe of continuous traction, complete 
immobilization of the fracture, and freedom 
from pain. The principle of this apparatus 
is that while traction is applied to the frac- 
tured extremity, counter-traction is being 
applied to the sole of the opposite foot. 
The method in detail (Fig. S21) is as 
follows : 

A suit of stockinet is put on. Felt pad- 
ding should line the back and sides of the 
body and the pelvic portion of the plaster. 
A double spica is applied, extending from 
the midabdomen to the toes of the un- 
affected leg and do^^m the injured leg to a 
point above the fracture. The unaffected leg 
is held in a position parallel with the mid- 
line of the body to facilitate turning the 
patient from back to side and abdomen. The 
foot of the unaffected side is held in a nor- 
mal weight-bearing position i e., with the 
sole of the foot at a right angle to the leg. 
This foot should be well padded with sheet 
wadding. Felt has been found unsatisfactorj' 
for this purpose. 


This entire procedure can be done with- 
out anesthesia by carefully transferring the 
patient to a Hawley table and by gentle 
handling of the leg. After the plaster has 
been applied a brief general anesthetic is 
giwn, or local anesthesia can be used if pre- 
ferred. A Steinmann pin is inserted hori- 
zontally through the lower femur. Little 
books are screwed to each protruding end 



Fic. 820. Comminuted intertrochanteric 
fracture of femur. (Drawing from x-ray.) 

of the pin and a very small size window- 
sash chain attached to each hook for trac- 
tion. The lateral bars of the traction splint* 
are firmly attached to the plaster cast on 
the fractured leg by means of plaster band- 
ages. A wooden cross-brace extends from 
the lower end of the splint— or, better still, 
from the attached heel support— to the cast 
on the opposite foot. Traction is exerted on 
the injured leg by winding the chain on the 
ratchet while counter-traction is exerted by 
the plaster cast on the sole of the foot of the 
unaffected extremity. For success it is nec- 
essary to have experience in applying a 
comfortable, well-fitting cast and a knowl- 

♦Made by the C H. Martin Company, of 
Atlanta, Ga. 
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edge of the special nursing care required 
Outstanding advantages are accurate hold 
mg of the fracture and freedom from pain 


thigji or leg or Russell traction are all 
effective See Chapter 22 —Ed ] 
Occasionally there is found a clean 



Fig 821 Hoke plaster traction apparatus as appl ed in 
treatment of mtertrodiantenc fracture of femur Traction 
is obtained by a ratchet attached to metal bars incorporated 
in cast Pull IS made on femur through connection of ratchet 
to Steinmann pm (placed through bone above knee) with 
small chains 

[Skeletal traction by a pm or wire oblique break through the intertrochanteric 
through the lower femur or through the region which can be reduced and desired 
tibial tubercle skin traction through (he result obtained by abduction of the leg and 
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holding it in this position with a double 
spica plaster cast. 

Internal Fixation. A few years ago the 
author felt that the traction method could 
be replaced by one more direct and some- 
what similar to that described for the 
femoral neck. Simplified after-care and com- 
fort to the patient in the treatment of the 
femoral-neck fracture had far surpassed 
these points as applied to the intertrochan- 
teric fracture. The author believed more 
progress could be made and began holding 
the fractures with internal fixation as de- 
scribed below. By means of a plate attached 
to the end of the Smith-Petersen nail, and 
secured to the upper shaft with screws and 
a Parham band, it was found that a good 
reduction is obtained and the postoperative 
care is similar to that carried out in frac- 
tures of the femoral neck (Fig. 822). He 
found no ill effects from the use of the 
additional metal. 

[Another means of fi.xation in these cases 
is the use of the BIount-Moore gooseneck 
apparatus (Fig. 823). This, incidentally, is 
also adapted to the internal fixation of the 
osteotomies done for nonunions or other 
conditions.— Ed.] 

In doing these open reductions it was 
often surprising to the author to see the 
wide separation of the fragments which 
exists and how, in certain t>-pes of these 
fractures, reduction is not brought about by 
traction. The split-off posterior fragment 
with adjoining femoral neck lies deep in 
the wound. The leg must then be rolled 
externally to close the gap before the Smith- 
Petersen nail is introduced. Sometime a 
Parham band mi:st be placed around the 
bones at the le\el of the lesser trochanter 
and drawn tightly to hold the gap closed 
before the fracture is nailed and plated 
(Figs. 824, 825, 826, 827, 828). Internal 
fixation requires the same precision and 
familiarity with hip surgeiy that is called 
for in the femoral-neck cases. With expe- 
rience the operation is done almost as 
quicklj’ as nailing a fractured neck of 


femur. A necessary instrument is the cur^•ed 
Parham band carrier with which the band 
is placed around the femoral shaft and 
plate. 

The author suggests the use of this 
method of treatment to those familiar with 



Fig. 822. Treatment of intertrochan- 
teric fracture of fenrjur by open reduc- 
tion and internal fixation with Smith- 
Petersen nail, plate, screws, and Parham 
band. No cast or splint is necessary 

hip-joint work and \\ho have available the 
necessary special operating-room facilities 
for carrjnng out the procedure with accu- 
racy and with little added risk to the pa- 
tient. It is more surgery than that required 
for nailing the neck of the femur. However, 
with experience in doing this particular 
operation, the added surgery and time con- 
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sumed can be reduced to a minimum weU 
within safe limits 

SHAFT ADJOINING TROCHANTER 
\Vhen the bone breaks in the manner 
shown in Fig 829, open reduction is neces- 
sary to overcome the displacement and give 
best chance for union 


head epiphysis in children are treated by 
reduction and fixation just as m adult cases 
Union IS, however certain and convales 
cence more rapid Old malunited displace 
raents, or growth disturbances following 
corrected displacement should be treated 
by pm fixation and drilling across the 
epiphyseal plate If marked malumon is 



Fig 823 Blount Moore gooseneck for intertrochanteric 
fracture This is also used to maintain podlion without ex 
teroal fixation after osteotomies (A) Moore gooseneck plate 
holding intertrochanteric {raciure No external immobiliza 
tion IS needed Inset shows high osteotomy held by Blount 
double angle plate (B) Moore plate and blade Aote offset 
of holes in place and smgle hole in blade for driving purposes 
(C) Method of driving through chi«el cut in cortex (D) De 
tail of end of driver which fits into hole m blade Plates can 
be bent at any angle or angles desired Driwr works as ex 
tractor if gripped with pliers and pliers are tapped with a 
mallet 


HEAD OF FEMUR 
This type of fracture is rarely seen The 
use of the Smith Petersen nail would be 
indicated if enough of the head remains 
If the head is comminuted and the frag 
ments displaced, a hip reconstruction opera 
tion (type dependent on details of fracture) 
would probably be the procedure of choice 
If healing takes place with a rou^ened and 
painful joint, one would consider the advis 
ability of doing either an arthroplasty 
(provided enough of the head remained), 
using the Smith Petersen Mtalhum cup or 
a hip joint fusion operation 

[Traumatic displacements of the femoral 


present it should be corrected operatively 
before piniuag Tie object is to secure 
closure of the epiphyseal line 
Slipping epiphjsis and the preshpping 
epiphjisis are discussed m Chapter 18 — 
Edl 

CENTRAL DISLOCATION OF 
HEAD WITH FRACTURE 
OF ACETABULUM 
There are cases in which by manipula 
tjon and traction it is possible to withdraw 
the head of the femur from its intrapelvic 
position Such a procedure «bould be done 
^rtth extreme care and gentleness for fear 
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of injury to vessels, nen-es, and organs downnard and out^rard traction, addint' an 


within the pelvis, either through direct 
impingement or tearing by sharp acetabular 
fragments. Previous study of the x-rays 



Fic. S24. Same method as Fig- 822 ex- 
cept t}pe of fracture requires a circular 
Parham band to obtain reduction before 
nail-plate is applied. 

^ould determine the advisability of such 
manipulation. 

[Steady downward and outward traction 
under anesthesia, maintained while gradual 
abduction is carried out as in the Whitman 
method of hip reduction, will reduce some 
of them. Reduction can then be maintained 
by a Whitman spica, or by continuing the 


outward force to a Russell traction, or to a 
skeletal traction by a pin through the lower 
femur or the tibial tubercle The Roger 
Anderson well-leg traction apparatus is a 



Fig. 825. Drawing from 
x-ray of long oblique 
fracture of upper shaft 
running into intertrochan- 
teric region. 



Fig 826. Parham band tight- 
ened 


variant of Hoke traction, A pin may be put 
through the trochanter from before back- 
ward and used to produce the outward pull 
in conjunction with a pin through the lower 
femur or tibial tubercle for downward trac- 
tion. A large screw may be inserted through 
the trochanter well into the neck of the 
femur and its protruding end used for 
downward and outward traction (Cubbins). 

It should be kept in mind that many of 
these cases deieJop degenerative changes as 
the result of the damage done, and that in 
time one of the procedures described in 
detail in Chapter 15 may become necessarj’. 
—Ed.] 

The author applies the Hoke plaster- 
traction apparatus (Fig. 830), with the 
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Fio 827 Fracture reduced and held with Parham band (Parham band tightener 
attached ) 


addition of a lateral pull by means of a 
Steinmann pin placed through the trochan 
ter (See details of application of Hoke 
plaster traction apparatus, plus Steinmann 
pm put through trochanter with ratchet 
attached to cast for lateral pull ) Down 
ward and lateral traction are applied under 
frequent x ray visualization of the fracture 
until the head is reduced This must be 



Fig 828 X ray 10 weeks after 
injury Solid union 


maintained for from 8 to 12 weeks, follow 
mg which the use of active exercises and 
gradual resumption of weight bearing on 
crutches is practiced Full weightbearing 
should be delayed from five to six months 
after injury 

The foregoing statements are general in 
character and are not presented with the 
idea that these different procedures can be 
considered as standardized for routine ap 
plication Varying complications may be 
found that call for borderline decisions and 
modifications of technic, and therefore the 
course of treatment must be individually 
charted and carried out With a background 
of experience and bearing in mind the oft 
quoted ‘ personal equation” which makes 
each patient and his particular fracture a 
separate and distinct problem in its en 
tirety, one must outline and follow to com 
pletion that method which seems best for 
the patient from the standpoint of safety 
and restoration of function 
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The following account was written by 
the Editor: 

[DISLOCATION OF HIP 
Dislocations of the hip today are rela- 
tively uncommon as compared with their 
former incidence, probably because mudi 
of the hea%’y work formerly done by roan 
power is now done by machinery of various 
sorts. The so-called '‘dashboard" disloca- 


and by Bigelow are ver>' rarely, if ever, 
needed. As a matter of fact, if the traction 
methods here described fail, open reduction 
is preferable if it can be done. 

1/ the dislocation of the hip is the only in- 
jury, the patient is anesthetized and placed 
face downward on a table, with the hips 
flexed at 90® over the end of the fable and 
the thighs and legs hanging directly down. 
The patient is held on the table and the 



Tig. 829. Open reduction was necessarj' *n this type of {raciurs 


tion has appeared with the development of 
the low-slung driver’s seat in automobiles. 
It is a direct backward dislocation caused 
by the impact of the knee against the dash- 
board of the car in a collision, and is fre- 
quently complicated by acetabular-rim frac- 
tures or head of the femur fracture. 

Reduction of a traumatic hip dislocation, 
whether it be posterior (the usual form), 
or anterior (the unusual form) can be ac- 
complished nearly always by traction with- 
out other manipulation if seen early. The 
manipulative methods described by Allis 


knee on the affected side is flexed to 90®. 
Holding the lower leg Just above the ankle 
in his hands to maintain the right-angle 
flerion, the operator seats himself astride 
the calf of the leg, and gradually allows 
his full weight to rest thereon. Five to 15 
minutes of such steady traction will usually 
result in reduction m a fresh case. 

If this fails, or in later cases, with the 
patient on his back and the hip and knee 
flexed to 90®, direct overhead traction via a 
pin through the lo^^er femur and an over- 
head pulley combined with some outward 
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pull may be employed and if not successful Approximately 50 per cent of traumatic 


immediately may be continued under mod 
erately heavy sedation for 48 or 72 hours 
at the end of which time gentle direct ma 
nipulation may be successful If not open 
reduction is the indication Open reduction 
IS described in Chapter 4 under congenital 



Fig 830 Use of Hoke traction plus 
lateral pull for central luxation of fem 
oral head 


dislocation, except that the capsular pro 
cedures are of course unnecessary There 
IS no necessity for suturing the capsule 
after reduction and no necessity for immo 
bilization unless associated acetabular rim 
fractures make rcdislocation a risk If this 
IS the case suspension m mid rotation and 
abduction or a plaster spica may be neces 
sary for from three to six n eelcs 


hip dislocations show later degenerative 
change m the hip joint The«e changes be 
come apparent an j where from one to five 
years after the injury with increasing stiff 
ness and pam Vlhether or not the use of 
crutches or brace to delay the institution 
of direct weight bearing on the affected side 
for SIX months to a year following reduc 
tion diminishes the chances of degenerative 
change is uncertain Some men believe so 
and follow such a routine Others institute 
weight bearing with crutches within two or 
three weeks of injury and allow full weight 
bearing by eight weel s or so The presence 
of acetabular rim fractures may of course 
delay the institution of weight bearing 
No matter what the course pursued the 
patient should be followed for a number of 
years both clinically and by x ray and on 
the first sign of pain or stiffness or of x ray 
change m the joint weight bearing should 
be refrained from for a prolonged period of 
months If this is done many of the cases 
will go on with good hips If however the 
changes continue to be progressive or if 
the signs and symptoms in the hip return 
on the resumption of weight bearing the 
procedures described in Chapter IS for 
arthritis of the hip must be considered 
The substitution of traction methods for 
manipulative methods of reduction is based 
on the lesser risk of sciatic nerve injury 
and on the lessening of trauma to already 
possibly compromised joint components 
The presence of sciatic nerve symptoms 
in a hip dislocation calls for open reduction 
with inspection of the nerve Contusion of 
the nerve may be materially aided in re 
covery by ballooning the nerve out by in 
jecting saline through a fine needle inserted 
within the sheath It tends to prevent scar 
tissue lesions within the nerve Laceration 
calls for repair Inspection of the nerve will 
sometimes be negative the lesion being in 
the roots or in the canal The prognosis in 
tbe«e latter cases is poor for return of func 
tion — Ed I 
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Fractures of Shaft of Femur 


Robert R Impink, M D 

AND 

Walter Estell Lee M D 


Fractures of the shaft of the femur occur 
most frequently as the result of direct vro 
lence suffered in industrial motor and 
military accidents and falls from heights 
The violence of the accident together with 
the trauma inherent in breaking this large 
bone result in at least a moderate degree of 
shock in every case Because of this factor 
these injuries represent problems m major 
surgery and their treatment therefore 
should be carried out under the direct super 
vision of an experienced surgeon 
A\hile the majority of femoral shaft frac 
tures occur in youth or early adult life 
elderly patients are also frequent victims 
and these latter patients demand particular 
attention Their declining phjsical status 
must be recognized and supported but the 
fracture must not be too tranquilly rele 
gated to a secondary position ^\ hile invesli 
gating and fortifying the general condition 
the treatment of the fracture may and 
should be undertaken early It is often 
amazing to see the improvement in general 
wellbeing which follows gentle reduction 
and fixation of the bone fragments Delay 
m attention to the local lesion encourages 
the development of complications In few 
other surgical problems is there so great a 
challenge to our ingenuitj 

[Definitive treatment for the fracture 


should be coincident with the treatment of 
the patients general condition and should 
be considered part of the latter except in 
(he moribund The authors make a point 
here which should be stressed It is unfortu 
nate that the old popular slogan Treat the 
patient first and the fracture afterward 
has been carried down over the years to 
the present day It is fallacious teaching 
and in the aged and badly injured repre 
sents a great handicap to adequate treat 
menl of either the patient or the fracture 
See Chapter 22 for further discussion Ed ) 
Femoral shaft fractures in children also 
require special consideration Because frac 
tures in the first decade of life heal with 
remarkable facility overcoming at times 
even gross deformities there has developed 
a tendency toward the acceptance of imper 
feet reductions This practice is wrong The 
harm wrought in the physical and psychical 
developments of a child by the unnecessar 
ily prolonged or permanent disability of a 
leg IS difficult to overcome A poor reduc 
tion and persistent deformity requires com 
pensatory alterations in the body mechanics 
during the most important period of bone 
growth The theor> that such deformities 
are of no moment since they will be out 
grown should be discarded 

[Shortening or angulation in a fracture 
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in childhood should be accepted only if the 
period of spontaneous correction of de- 
formity is estimated to be short, and if the 
alternative is operative procedure or its 
equivalent. It is to be remembered that the 
ability to correct residual deformity stead- 
ily diminishes from infancy to the time of 
epiphyseal closure, and is absent after 
epiphyseal closure.— Ed.] 

ANATOMY 

Bone. The shaft of the femur is a rela- 
tively long and thick-walled cylinder. Its 
cortex is thickest in the middle third and 
tapers to thin shells at both extremities 
where the intricate trabecular systems of 
the trochanter, neck and head above, and 
the condyles below, oppose the various com- 
pressive and tensile stresses. Posteriorly, 
the linea aspera extends as a rough longi- 
tudinal ridge of bone in the middle third 
of the shaft and serves to buttress it and 
also as a line of attachment for muscles. 
WTien viewed from the lateral aspect the 
normal femur describes a slight curve with 
its convexity anteriorly, while in the antero- 
posterior plane there is a slight bow convex 
laterally. It is essential to restore these 
curves after fracture in order to prevent 
derangement of weight-bearing lines In the 
hip, knee, and ankle joints (Fig. 831). 

Muscles. Anatomically, the muscles of 
the thigh are separated into anterior and 
posterior compartments by the medial and 
lateral intermuscular septa, which pass from 
the deep surface of the fascia lata to the 
inner and outer Ups of the linea aspera. 
The lateral septum separates the short head 
of the biceps from the vastus lateralis, 
while the medial septum separates the 
vastus medialis from the adductor group. 

Functionally the thigh muscles are di- 
vided into three groups: the flexors and 
extensors of the knee and the adductors of 
the thigh (Fig. 832). 

The flexor group consists of the biceps 
femoris, semimembranosus, and semilen- 
dinosus, all of which take origin from the 


ischium. The biceps inserts into the head of 
the fibula, while the semimembranosus and 
semitendinosus insert into the medial aspect 
of the upper end of the tibia. These bam- 


Fio. 831. (Left) Anterior aspect of 
femur. Dotted line below shows upper 
limit of quadriceps pouch. Muscle at- 
tachments shown are- (a) Gluteus 
minimus; (b), (c),and (d) attachments 
of vastus lateralis; (e) \astus inter- 
medius; (f), (g), and (h) attachments 
of articularis genu or subcrureus; (i) 
adductor magnus. 

(Rig/il) Posterior aspect of femur. 
Dolled line below shows upper limit of 
joint compartment. Muscle attachments 
shown are: (a) Gluteus medius; (b) 
obturator and gemelli; (c) quadratus 
femoris; (d) vastus lateralis and gluteus 
maximus; (e) psoas iliacus, (f) pec- 
tineus and adductor bre\’is: (g) ad- 
ductor longus; (h) short head of biceps; 

(i) \'astus intermedius; (j) adductor 
magnus; (k) adductor longus, (1) inner 
head of gastrocnemius, (m) adductor 
magnus; (n) plantaris; (o) outer head 
of gastrocnemius. 

string muscles flex the leg upon the thigh 
and extend the thigh upon the pelvis. 

The extensor group, consisting of the 
rectus femoris, vastus medialis, vastus lat- 
eralis, and vastus intermedius, is called the 
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quadriceps femoris The rectus femoris 
arises from the ilium and the others of the 
group arise from the body of the femur from 
the trochanteric to the supracondjlar re 
gions The common tendon of insertion of 
this group is attached to the tibial tuberde 
The patella is present as a sesamoid bone 
in the tendon just proximal to its insertion 


inserted obliquely into the linea aspera 
along Its entire length Their action as the 
name implies is to adduct the thigh on the 
pelvis 

Blood Vessels The femoral artery and 
its accompanying vein he on the medial 
aspect of the thigh Beginning just below 
the midpoint of the inguinal ligament these 



Fig 832 (Left) Rectus femoris \astus medialis and vastus lat 
eral s pectmeus and cut ilopsoas with subjacent bursa (Center) 
\ astus mlermedius adductor jongus and adductor magnus (Right) 
Inner and outer hamstrings and gastrocnemius 


Extension of the leg on the thigh is the mam 
function of this group although the rectus 
femoris assists in flexing the thigh on the 
pelvis or the pelvis on the thigh depending 
on which element is fixed 
The medial femoral muscles known as 
the adductors comprise the gracilis pec 
tineus adductor longus adductor brevis 
and adductor magnus These muscles arise 
from the anterior and upper surfaces of 
the rami of the pubis and i«chium and are 


vessels pass down through the femoral tri 
angle and adductor canal to the opening in 
the adductor magnus muscle at the junction 
of the middle and lower thirds of thigh 
Having passed through this muscular funnel 
the vessels enter the popliteal =pace and 
change their names to popliteal artery 
and vein \s such they course mediall> and 
downward to the intercond>Ioid notch of 
the femur and thence vertically downward 
Injur> to or rupture of the vessels occurs 
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occasionally in the popliteal fossa as the 
result of the characteristic posterior dis- 
placement of the distal fragment in supra- 
condylar fractures. 

Nerves. The important ner\'es of the 
thigh are the femoral and the sciatic. The 
femoral nerve accompanies the femoral ves- 
sels and is rarely injured by a shaft frac- 


DISPLACEJIENT 

The malposition of the fragments of a 
fractured femur is determined by the ac- 
tions and counteractions of the three groups 
of powerful thigh muscles above described. 
To a much less degree gravity influences the 
displacement of fragments, particularly in 
the sagging associated with a midshaft frac- 



Fig. 833. {Left) Forces causing displacement in upper third frac- 
tures with lesser trochanter intact, (a) is flexion force; (b) and (c) 
are abduction forces; and (d) is e.x(emal rotator force, all acting on 
upper fragment, (e) and (f), acting on lower fragment, constitute 
an adduction and shortening force. 

Fig. 834. {Right) Forces causing displacement in upper third 
fractures with lesser trochanter avnilsed. Flexion force (a) is now 
ineffective, and in its absence some external rotation force (g) is 
active on lower fragment. 


ture. The sciatic ner\'e courses down the 
midline of the posterior aspect of the thigh, 
Ijdng above at a point midway between the 
ischial tuberosity and the greater trochan- 
ter. This ner\’e is sometimes damaged by a 
fracture of the shaft since it lies directly 
against the bone beneath the biceps femoris 
muscle. WTien injury of the ner.-e is sus- 
pected immediate operative e.xploration is 
indicated. 


ture as tbe patient lies supine. Furthermore, 
the displacement is tj-pical and fairly con- 
stant at various levels of the thigh, thus 
proving that muscle action, and not the 
fracturing force, is the determining factor. 
Shortening with o\erriding of the bone ends, 
together with external rotation of the upper 
fra'wnent due to the action of the muscles 
attached to the greater trochanter, is the 
characteristic pattern of deformity. There 
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IS generally some degree of external rota 
tion of the lower fragment when the patient 
IS on his back since the foot and leg tend 
to be rotated outward by gravity (Figs 
833 834 835, 836 837 ) 

Fractures in Upper Third of Shaft 
The displacement in fractures in the upper 
third of the shaft is remarkably constant 
The short upper fragment is externally 
rotated abducted and flexed The short ro 


It IS essential to recognize the mechanics 
of the deformity in subtrochanteric and 
upper third shaft fractures because of its 
bearing on reduction The short upper frag 
ment cannot be controlled or manipulated 
except by means of skeletal fixation There 
fore alignment can be attained only by 
bringing the long lo^\er fragment to meet 
the short upper fragment When dealing 
with the typical deformity this requires ab 



Fig 835 (Z,e/^) Anterior view Forces causing displacement in middle third fractures 
Fig 836 {Center) Lateral view Forces causing displacement in lower middle third 
fractures The marked tendency to ovetndvng through forces of long thigh muscles (a c 
d and e) with backward pull on lower fragment from action of latter three and absence 
of marked backward tilting by gastrocnemius force (b) on lower fragment becau'e of 
stabilizing effect of upper forces is clear 

Fig 837 {Right) Lateral view Forces causing displacement m supracondylar frac 
tures Inset shows line of fracture in anteroposterior view Note threat to popliteal 
vessels 


tatocs chiefly the obtuxators mtemus and. 
externus the gemelli superior and inferior 
and the pynformis all attached to the 
greater trochanter cause the external rota 
tion Abduction results from the action of 
the gluteus medius and to a lesser extent 
of the gluteus minimus The strong iliopsoas 
tendon attached to the lesser trochanter 
flexes the upper fragment The lower frag 
ment is pulled upward and inward behind 
the short upper fragment by the muscle 
groups which bridge the fracture line The 
hamstrings quadriceps femoris and adduc 
tors bring about this shortening and medial 
angulation (Fig 833) 


duction and external rotation of the lower 
fragment 

Fractures in Middle Third of Shaft 
In fractures of the midshaft region (Fig 
839) the displacement of the fragments is 
not constantly predictable Shortening is a 
common finding due to contraction of the 
muscles which cross the fracture line An 
tenor displacement of the upper fragment 
resulting from the action of the iliopsoas 
and posterior displacement of the lower 
fragment due to the action of the gastroc 
nemitis and popliteus muscles are usually 
present The nature of lateral angulation 
if any, vanes with the level of the fracture 
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i.e., with the length of bone affected by the 
adductor muscles. In fractures of the upper 
portion of the middle third the upper frag- 
ment will be abducted, uhile in those of 
the lower middle third it will be adducted. 
In certain cases of fracture of the lower 
portion of the middle third the lower frag- 
ment is d^a^^'n upward and its proximal end 
displaced laterally as the result of contrac- 
tion of the strong adductor magnus tendon 
attached to the adductor tuberde. Thus, 


origin of the gastrocnemius muscles in the 
supracondylar notches cause this displace- 
ment by rocking the femoral condyles for- 
ward and by pulling the attached shaft 
portion backward as the musde contracts. 
The popliteal vessels and nerves may be 
contused and are occasionally severed by 
the sharp edge of the distal fragment. Over- 
riding of the fragments is usually increased 
by contraction of the thigh musdes as a 
group. A lateral displacement of fragments 



Fio. 838. (Lejt) Lateral view. 
(Rig/ti) Anteroposterior view. 
X-ray of fracture of lower 
upper third in a child. Flexion, 
abduction, and e.xtemal rotation 
of upper fragment with over- 
riding. 


Fig. 839. (Ujt) 
Lateral view. (RigAt) 
Anteroposterior riew. 
X-ray of fracture of 
middle third. Overrid- 
ing, adduction, and ro- 
tation of lower frag- 
ment. 


Fio. 840. (Left) Lateral view. 
(Rfg/it) Anteroposterior view. 
X-ray of fracture junction of lower 
and middle thirds. Some o%’er- 
nding and some adduction of lower 
fragment. 


with abduction of the upper fragment an 
angulation, convex laterally, is produced. 
Reduction of this type of deformity can be 
accomplished only by further adducting the 
lower fragment, thereby relaxing the mus- 
cle, until the bone ends are in contact, and 
only then correcting the adduction de- 
formity. 

Fractures in Lower Third of Shaft. 
In fractures in the lower third of the shaft 
(Fig. 840) and of the supracondylar region 
there is almost in\'ariably some degree of 
posterior displacement of the distal frag- 
ment. The attachments of the tendons of 


at this level is not marked nor is it con- 
stant in any one direction. 

SPECIAL DIAGNOSTIC SIGNS 
A recapitulation of the common diag- 
nostic signs of fracture of the shaft of the 
femur is without the province of this vol- 
ume. Howe\er, there are certain signs, en- 
countered rarely, but with spedal signifi- 
cance from a therapeutic point of view, 
which deser\’e consideration. 

1. Ecchymosis. In many femoral-shaft 
fractures ecchjTnosis is absent because the 
hemorrhage, even if massive, is prevented 
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from reaching the subcutaneous level by 
intact muscular and fascial layers of the 
thigh After from five to ten days irregular 
patches of ecchymosis may appear as the 
blood seeps to the surface along muscular 
planes This is the normal picture 

Rarely one will note the appearance of 
extensive ecchjinosis within two or three 
hours after a fracture This phenomenon 
indicates the laceration or tearing of mus 
cles and subcutaneous tissues by a sharp 
fragment whose course stopped just short 
of penetrating the skin In this type of 
injury often a large volume of blood is 
liberated into the tissue spaces and thus 
the fracture becomes a more complicated 
problem 

Shock of varying seventy depending 
largely upon the volume of blood loss is a 
common sequel Distension of the thigh 
increases until the pressure in the hema 
toma IS sufficiently great to prevent further 
bleeding As distension increases pam be 
comes more severe and thereby the tend 
ency for the development of shock is aug 
mented Finally the blood under pressure 
in the hematoma tends to infiltrate the torn 
muscle and fascial planes over a large area 
The immediate inflammatory reaction and 
later organization of such a lesion are detri 
mental to early union of the fracture and 
cause important damage to soft tissues In 
many cases bony union is long delayed in 
others disability prolonged due to muscle 
injury 

W^en such an extensive early ecchymosis 
IS discovered immediate operative explora 
tion of the fracture site is indicated The 
hematoma should be evacuated trauma 
tized muscle excised hemostasis assured 
and the fracture reduced and fixed by a 
metal plate and screws This is the only 
certain way of avoiding the disabling sec 
ondary effects of this type of soft part 
lesion 

[The effect on the shock picture of the 
absorption of this really tremendous mass 
of hemorrhage and autolyzed products of 


tissue death is often not fully appreciated 
A liter and a half or more of fluid frequently 
IS accumulated in a fractured thigh The 
bearing of this fact (1) on the treatment of 
thigh fractures with severe soft part dam 
age (2) on compound fractures and (3) on 
the liming of any operative procedures is 
discussed in Chapter 22 Ed ] 

2 Excessive Swelling Occasionally one 
encounters an extraordinarily massive and 
tense swelling of the thigh without evidence 
of ecchymosis following femoral shaft frac 
tures Pain at the fracture site is much more 
intense than in a simple fracture and shock 
IS pronounced The swelling and tenseness 
increase progressively 

The pathology in these cases consists 
of profuse hemorrhage which is confined 
wiihm (he fascial envelope of the thigh 
The hemorrhage may arise from a lacera 
tion of the femoral artery or from the 
severance of a deep communicating vessel 
The latter event may impair the circulation 
of the leg seriously by causing sufficient 
pressure within the deep muscle fascia com 
partment to reduce the blood flow m the 
large vessels passing through these spaces 
to a dangerously low level Muscle tissue is 
damaged by the infiltration of blood under 
pressure and also by the ischemia caused by 
the pressure of the hematoma proper on the 
muscle capillaries 

3 Circulatory Disturbances These 
may be manifested by a change in tempera 
ture with beginning discoloration of the part 
below the site of fracture and the early 
recognition of such an existing condition is 
extremely important Such changes are most 
likely to occur m fractures of the supra 
condylar level and m all such cases careful 
examination should be made for the pres 
ence of a dorsalis pedis and a posterior tibial 
pulsation The presence diminution or ab 
sence of pulsation should always be re 
corded in cases where plaster encasement 
IS to be employed Among the extremity 
injuries encountered in modern warfare this 
is of prime importance and proper manage 
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ment of such a condition may avoid the loss 
of a limb. 

TREATMENT OF FRACTURES OF 
SHAFT OF FEJIUR IN INFANCY 
AND CHILDHOOD 
The presenting picture of shaft fractures 
in this age group is practically the same, 
with shock, deformity, and pathology’, as is 


WTien traction is the method of choice 
for treatment, the Bryant’s vertical exten- 
sion apparatus (Fig 841) is the one most 
commonly used in children up to the age of 
six. [The feasibility of Brj-ant’s traction is 
dictated for practical purposes by the 
weight of the child. Many men therefore 
set an upper limit of 50 pounds as the 
maximum beyond which Bryant’s traction 



Fic. 841. Brv’ant's traction A snug pressure dressing is ap- 
plied to extremity over adhesive straps The author prefers 
suspension of both legs as providing better control. The re- 
straining sheet is shown The error in suspension commonly com- 
mitted is also shown — the weight used should be sufficient to 
lift the buttock just clear of the mattress or frame so that the 
child’s bodj* weight provide* adequate counter-traction and so 
that nursing is facilitated. 


encountered in fractures of corresponding 
levels in the adult. In essence the treat- 
ment is similar, yet varied slightly because 
of lack of development in size and strength 
of the leg muscles. For this reason this 
group is more amenable to manipulative re- 
duction and plaster-cast fixation than is the 
adult group. Here also the greenstick tj'pe 
of fracture may be encountered. Any t>'pe 
of treatment applicable to the adult may 
also be emploj ed in the treatment of frac- 
tures of the femoral shaft in infants and 
children when so indicated. 


is not feasible, rather than an age limit. 
This might exclude a great many children 
six jears of age.— Ed.] This procedure re- 
quires the application of adhesive strips for 
traction extending from the upper thirds of 
both thighs, inner and outer surfaces, to 
points just above the malleoli. The distal 
ends of the strips are attached to spreaders 
as described in other adhesive skin traction 
set-ups. From the spreaders ropes lead ver- 
tically upward over pulleys suspended from 
an overhead frame. Y’eights attached to the 
rope ends must be just heavy enough to 
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lift the buttocks and lower portion of the 
back from the bed If the child tends to be 
restless it is advisable to fix the body to the 
mattress by a restraining sheet or better 
still by a specially designed restrainer such 
as Conwell has devised Occasionally fur 
ther restraint in the nature of an adhesive 
swathe which binds the thighs together may 
be indicated 

It IS surprising to note the rapidity with 
which children become accustomed to this 



Fic 842 Emergency fixed Spanish 
windlass traction to bottom of a Keller 
Blake or Thomas splint Inset (a) shows 
formation of bitch used 

position Traction is maintained for from 
six to eight weeks or until union is firm 
After an additional week in bed without 
support the patient may be allowed to walk 
with crutches bearing no weight on the 
affected leg Lateral splints or a single 
hip spica and casing for the entire limb 
should be used to support the affected thigh 
for a period of four weeks At the end of 
this time the splints are removed and 
weight bearing is permitted with (he aid of 
crutches if the child is old enough for 
crutches Walking without crutches is usu 
ally safe IS weeks after the occurrence of 


the fracture For children older than six 
years the Russell extension principle may 
be used satisfactorily (see Fig 844) With 
this type of treatment traction is mam 
tamed for from six to eight weeks and fol 
lowed by one week m bed without traction 
From this point the progress is similar to 
that noted above for cases treated by the 
Bryants extension method 
It IS almost never necessary to utilize 
skeletal traction in children except m the 
presence of a compound wound or other 
skia lesions which preclude the application 
of adhesive traction 

[In children old enough to have acquired 
adequate control of bladder and bowel so 
that constant soiling need not be feared 
manual reduction followed by plaster spica 
immobilization or Hokes well leg adhesive 
iracljon in plaster are both widely and sue 
cessfully used These shorten hospital stay 
and simplify the care of the patient when 
these factors are matters of particular con 
sideration The plaster immobilization and 
Hokes traction are described later in this 
chapter Hokes traction is also described 
in Chapter 35 

Le Mesuners method of traction is an 
other valuable method applicable to chil 
dren This is described in Chapter 22 in the 
discussion of traction suspension —Ed ] 

TREATMENT OF FRACTURES OF 
SHAFT OF FEMUR IN ADULT 
The treatment of femoral shaft fractures 
in the adult may be divided into two dis 
tinct phases one of which deals with the 
emergency treatment the other with the re 
duction and permanent fixation It is im 
possible and unnecessarj to decide which 
phase 15 more important but the value 
of proper emergency treatment must be 
stressed 

Esiercency Treatment 
The immediate care of a patient with a 
femoral shaft fracture has a bearing not 
only on the f nal alignment of the fragments 
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and the ultimate healing of the fracture, but 
also in many cases on the very life of the 
patient. Accentuation of the shock, whidi 
is usually severe following this injurj', by 
misdirected or total absence of proper first 
aid has been the cause of death in many of 
these cases. The three factors mainly re- 
sponsible for the production of shock are 
(1) pain, (2) injury to the soft tissues 
caused by undue motion of the fragments, 
and (3) hemorrhage. Therefore, the pain 
must be relieved at once by morphine in 
adequate dosage, and the thigh must be 
immobilized as soon as possible. 

Immobilization is best affected by means 
of fixed traction in a Thomas (Fig. 842) 
or Keller-Blake splint. Pain caused by mo- 
tion of the fragments is thus prevented and 
in addition the onset of musde spasm and 
infiltration (which occur early and account 
for overriding of fragments and shortening 
of the limb) may, by this means, be avoided 
or counteracted. \Mien traction has been 
applied via an emergency splint within a 
few minutes after the fracture, the x-ray 
frequently reveals the fragments in prac- 
tically anatomic alignment. Occasionally 
one is embarrassed by the loss of this excel- 
lent position in the transition from the 
temporary to the permanent traction appa- 
ratus. [For a full discussion of the emer- 
gency treatment in fracture cases, see Chap- 
ter 22.— Ed.] 

If a Thomas splint is not available, 
boards, broomsticks, ski poles, forked 
branches of trees, or any other sufficiently 
long stick may be ingeniously utilized with 
the aid of a few triangular bandages to 
apply traction to a fractured leg. Traction 
is the more effective method of emergenqr 
splinting. If the materials for applying trac- 
tion are not available, simple splinting may 
be carried out with boards lashed to the 
lateral and medial aspects of the leg while 
manual traction is employed. 

llTien 3 patient who has received proper 
first-aid treatment arrives at a hospital, it 
is a primary requisite to continue adequate 


shock treatment. Rest, warmth, sedation, 
transfusions of blood or plasma and other 
appropriate medication are the well-known 
measures for combating shock. An x-ray 
examination of the fracture adds a certain 
amount of trauma, but this is very slight 
if the procedure is performed carefully and 
with a minimum of movement of the af- 
fected leg. X-rays should be taken promptly, 
unless the patient be in extreme shock, be- 
cause the information gained from them 
may be of great importance for subsequent 
treatment. 

The removal of the emergency splint and 
the application of permanent traction, or 
of some other form of permanent fixation, 
must be limed carefully in a shocked pa- 
tient. This requires a nicety of judgment 
which comes only with experience. If there 
is doubt concerning the ability of the pa- 
tient to withstand even the most gentle ma- 
nipulation, it is best to continue shock 
treatment only and defer treatment of the 
fracture. On the other hand, if the shock 
treatment is carried out painstakingly and 
the patient’s condition watched carefully, 
improvement is usually noted within one 
or two hours. As soon as definite signs of 
recovery are noted treatment of the frac- 
ture should be undertaken. It may be nec- 
essary to carrj’ out the treatment in several 
stages with interruptions to allow the cir- 
culatory sj’stem to resume its recovery. It 
is important to emphasize that the fracture 
treatment must not be delayed simply be- 
cause of the existence of a mild degree of 
shock. Fi.xation of the fragments is one 
of the best methods of combating shock. 

(For detailed discussion of shock therapy 
see Chapter 22. The authors here make a 
point which is of great importance. A great 
deal of unnecessary and actually harmful 
delay is occasioned by the widespread idea 
that adequate fracture treatment must be 
debyed until the patient has fully raUied 
from his shock. This is not so. Intelligent 
handling makes it possible to treat ade- 
quately and concomitantly both shock and 
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fracture in all except the practically mon 
bund cases —Ed ] 

Permanent Treatment 

The four \vaj,s in which reduction and 
fixation of fractures of the femoral shaft 
may be accomplished are as follows 

1 Continuous traction by means of one 
of the various methods of traction suspen 
Sion 

2 Closed reduction and immediate im 
mobilization in plaster 

3 Closed reduction by means of levering 
and manipulating with pins or wires in 
serted above and below the fracture site 
followed by fixation in plaster or apparatus 
including the pins or viires 

4 Open reduction and internal fixation 

The method elected depends upon many 

factors such as the equipment available, the 
type of fracture, the age of the patient, and, 
most important, the preferences and expe 
nence of the surgeon Conservative opinion 
insists that it is best to undertal^e one of 
the closed methods of reduction although 
continued advancement m operative technic 
has greatly reduced the hazards of open 
methods [See discussion of operative re 
ducUon, Chapter 22 — Ed ] The advantages 
and disadvantages of each of these various 
procedures will be considered m the sepa 
rate sections devoted to them 

CLOSED reduction BY MEANS 
OF TRACTION 

Treatment of fractures of the shaft of the 
femur by continuous traction is the most 
generally applicable method because it re 
quires less specialized operative skill How 
ever, while the method is simple, il demands 
an abundance of careful supervision and 
patience The mechanics of whatever appa 
ratus 13 utilized must be thoroughly under 
stood by an attendant who can check the 
various components of the rigging at hourly 
intervals during the day Needless to state 
this service is rarely attainable outside a 
hospital 


Certain general principles are involved 
and certain equipment is standard regard 
less of the type of traction utilized Reduc 
tion IS obtained by the exertion of con 
tinuous traction on the distal fragment 
against the weight of the trunk and upper 
extremities as counter traction This trac 
tion IS exerted by means of either ( 1 ) adhe 
sive plaster or other adhesive material ap 
plied directly to the skin of the leg, or 
(2) wires, pins or calipers inserted into 
the bone The patient must be m a fracture 
bed This may be either a bed especially 
constructed to prevent sagging of the mat 
tress or an ordinary hospital bed with a 
board placed between the spring and the 
mattress An overhead frame is necessary 
to support the various pulleys and ropes 
which hold the splint, trapeze, etc The 
simple Balkan frame is satisfactory, al 
though wooden frames especially adapted 
to a given type of bed or tubular metal 
ones have definite advantages Except when 
the Russell extension type of traction is 
elected a Thomas, or preferably the Keller 
Blake half nng modification thereof, with 
a Pearson attachment for support of the 
leg must be at hand 

As an alternate type of splint to hold the 
thigh and leg muscles m physiologic bal 
ance one may utilize the very satisfactory 
Braun frame advocated by Bohler This 
splint IS simpler to ng than a balanced 
siispeasion apparatus and requires less fre 
quent checking On the other hand it allows 
the patient less freedom of movement than 
IS possible with the suspension principle 
In any type of traction one needs a supply 
of pulleys rope wooden spreaders slings 
lot the sphnt weight?, and a Uapeie bar 
In case skeletal traction is to be used one 
must have special instruments for intro 
duang wires or pins into the bone, and the 
yokes or stirrups for attachment of the 
traction lines 

The decision betneen the use of skin or 
skeletal traction has been simplified since 
the introduction of Kirschner wires The 
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hazards of infection and of splitting the 
bone, \rhich were real when the Steinmann 
pin and ice tongs were the only means of 
applying traction to bone, have been almost 
eliminated by the Kirschner wire. The 
greater efficiency of the wire in affording a 
fixed point of traction, and the fact that 
once introduced it needs no further care, 
are strong arguments in its favor. This 
latter point is in contrast to the constant 
attention demanded by adhesive skin trac- 
tion methods, the best of which have a 
tendency to slide on the skin when strong 
traction is applied. The efficiency of this 
fixed point of skeletal traction allows the 
utilization of less weight to obtain and hold 
the reduction. In cases where there ate 
abrasions, lacerations or other skin lesions 
of the leg, adhesive traction is impossible 
and skeletal traction a godsend. By using a 
wire one may also obtain greater freedom 
of the knee and a better opportunity for 
constant obser\'ation of the thigh. The ne- 
cessity for anesthesia in introducing the 
wire is not a disadvantage since a local 
infiltration of the site with novocaine is 
entirely satisfactory. 

For these reasons the authors utilize 
skeletal traction by means of the Kirschner 
wire in all cases treated by the continuous- 
traction method, except in children under 
the age of 12 years. Wlien wires are intro- 
duced in children one must be careful to 
avoid the epiphyses. 

Use of Adhesive Skin Traction. Chil- 
dren, adults with weak musculature, and 
those patients with inflammatory lesions of 
the skin at the sites of election for insertion 
of wires may be treated satisfactorily with 
adhesive skin traction (Fig. 843) and the 
Thomas or Keller-BIake splint. In under- 
taking this method of treatment the first 
important step is to prepare the skin sur- 
face of the leg carefully by sha\ing and 
cleansing with soap, water, alcohol, and 
ether. Too vigorous mechanical or chemical 
treatment of the skin is not advisable be- 
cause the irritated skin has a greater tend- 


ency toward blistering and excoriation be- 
neath the adhesive. 

iloleskin adhesive, ordinary adhesive, or 
glues are the materials available in order 
of excellence. The moleskin adhesive must 



Fic. S43. Application of adhesive skin 
traction to leg. (a) Footpiece for over- 
head susper^lon to prevent (ootdtop. 
(b) Traction straps showing formation 
of traction tapes by folding over of ad- 
hesive, feathering of traction straps to 
pronde smoothness of application, mal- 
leolar protection by felt, cotton, or 
sponge-rubber cuff in addition to 
spreader. Spreader should be placed as 
near pole as possible (dotted line), and 
woven elastic bandage should be applied 
from above cuff to just below upper 
edge of adhesive. The latter should be 
always visible so that slipping can be 
detected when it starts and before strap 
has pulled completely off. See Chapter 
22 for further details. 

be applied smoothly and evenly throughout 
its length, using diagonal cuts on the mar- 
gins where necessary’ to insure perfect fit. 
Even the smallest ridges or creases cause 
friction on the skin which results in painful 
blebs. This necessitates removal and reap- 
plicatlon of the tapes with less skin surface 
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available for the traction and the possible 
loss of position of the fragments during the 
change The adhesive bands are three to 
four inches wide depending on the width of 
the leg and are best applied as two lateral 
bands extending from the upper third of the 
thigh to below the level of the sole of the 
foot Just above the malleoli each strip is 
cut medially and laterally for one quarter 
of its width and the marginal portions below 
the cuts folded over onto the intact inter 
vening strip Thus is formed a tapelike end 
which is fastened to a wooden spreader with 
thumb tacks or by means of buckles The 
spreader must be wide enough to allow the 
tapes to clear the malleoli without touch 
mg This scheme is better than that of using 
one continuous strip of adhesive which ex 
tends down one side of the leg around the 
spreader and up the other side in that it is 
less cumbersome to apply We feel that it is 
better to bind down the adhesive strips with 
elastic bandages than with circular or spiral 
strips of adhesive The use of split traction 
1 e leading two adhesive bands from the 
thigh and two from the leg is also objec 
tionable The thigh traction bands exert 
their force on the loose skin of the thigh 
and on the muscles attached to the pelvis 
and are thus ineffective in affording traction 
on the lower bone fragment 
After applying the adhesive a Keller 
Blake splint of appropriate length is passed 
over the affected leg while traction is mam 
tamed on the foot and spreader The ring 
of the splint is engaged against the tuber 
ischu and slings are applied to the splint 
to support the leg and thigh The proper 
fastening of these slings to the splint so that 
they conform to the curves of the thigh and 
leg IS an important detail of this procedure 
The avoidance of wrinkles beneath the knee 
and the fixation of sufficient padding at mid 
thigh to restore the anterior bow of the 
femur are small points not to be neglected 
The splint is then suspended by means of 
a rope which passes through two overhead 
pulleys and is attached by one end to the 


ring on the upper end of the spin t and by 
the other end to the foot end of the splint 
Two weights each one placed on the over 
head rope just within the two pulle s serve 
to balance the leg It is essential to balance 
the leg accurately m order to permit the 
patient freedom of motion for nursing pro 
cedures and personal hygiene A\hen this 
S}^tem of weights is properly rigged it is 
amazing to note the amount of body motion 
attainable with the aid of a trapeze with 
out interference with the positions of the 
bone fragments [See Chapter 22 for details 
of suspension —Ed ] 

A pulley IS fixed to the end of the Balkan 
frame on the side of the affected leg and the 
traction rope from the spreader is passed 
over It This pulley should be high enough 
to accommodate flexion of about 30 at the 
hip The line of traction must be exactly m 
line with the shaft of the femur The maxi 
mum weight (often 25 pounds) required to 
reduce the fracture is applied at once If 
this IS not done the progressively increasing 
strength of muscular contracture becomes 
increasingly more difficult to overcome in 
spue of repeated additions of weight and 
the final total weight required is consider 
ably greater than would have been neces 
sary at the start It may be necessary to 
elevate the foot of the bed to increase the 
counter traction in cases requiring heavy 
traction 

The attachment of a trapeze to the 
Balkan frame above the level of the pa 
tients shoulders is a necessary adjunct for 
good nursing care and general well being of 
the patient A strip of adhesive plaster ap 
plied to the width of the foot or a boot or 
«:ocl should be attached to a rope led to a 
pulley on the overhead frame A small 
amount of weight on the end of this rope 
one or two pounds prevents footdrop 

During the first 24 hours a check of the 
length and alignment of the affected limb 
should be made at intervals of about six 
hours by actual measurement and by fluor 
oscope when available Only in this way 
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can one discover whether there is too much 
traction as shown by separation of the bone 
ends, or too little traction as shown Iqr 
persistence of the overriding. Distraction of 
the fragments by too much weight is serious 
if allowed to persist in that it may lead to 
delayed union If the proper length has been 
obtained after 48 hours, one may remove 
from five to ten pounds of weight, leaving 
just enough to counterbalance the muscle 
pull. The time here is a generous allowance 
for the regaining of length, and should rep- 
resent the maximum. The fewer hours re- 
quired for regaining length the better. 
X-ray check-up of the position of the frag- 
ments, for length and alignment in the 
anteroposterior and lateral views, must be 
done at least once weekly during the main- 
tenance of traction. 

There is frequently some lateral angula- 
tion of fragments which can be corrected 
by the use of slings thrown about the thigh 
and attached to the splint with pins, or to 
a separate rope and weight directed to the 
side. Pressure cuffs working on the screw 
principle are available for correcting these 
angulations, but they are not recommended 
because their great force tends to cause too 
much injury to the soft tissues overlying 
the bone. Posterior sagging at the fracture 
site is best controlled by padding placed on 
the sling at that point. [For general discus- 
sion of principles of traction-suspension and 
of the technic of skin traction, see Chapter 
22.-Ed.] 

As a rule the patient must remain in Ibis 
apparatus for from eight to ten weeks. If, 
by clinical and x-ray studies, union seems 
firm at that lime, the splint is removed. 
Simple adhesive skin traction of five to ten 
pounds is placed on the leg, led over a 
pulley at the end of the bed, and maintained 
for one week. The patient is encouraged to 
contract the leg muscles intermittently and 
to carrj’ out leg and foot exercises of a mild 
sort. Then for one week more the piatient 
IS confined to bed without traction or sup- 
port of any kind but continuing the active 


leg exercise. Ten or twelve, weeks after oc- 
currence of the fracture, partial weight- 
bearing in a walking caliper splint with the 
aid of crutches or in a walking machine is 
allowed (Fig. 844). 

If the fracture is of the transverse type 
and union appears solid, weight-bearing 
without crutches is resumed four to six 
weeks after the patient is allowed out of 
bed. In the case of long spiral fractures or 



Fic. 844. Walking 
plaster for fracture 
held by two single pins 
incorporated in spica. 

those with marked comminution, weight- 
bearing is delayed until there is definite 
x-ray evidence of solid bony union. This 
usually requires two to three weeks longer 
than the transverse type of fracture Light 
work nsay be resumed in about 20 weeks 
and heavy work in about 22 weeks after 
the occurrence of the fracture. 

The use of physical therapy as so-called 
after-treatment is often of benefit in re- 
habilitating patients treated by means of 
adhesive skin traction. Such physical ther- 
apy should be restricted to (1) heat applied 
to the affected thigh once daily by means of 
an electric lamp or a warm bath, (2) mild 
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stimulating massage and (3) perhaps whirl 
pool baths These measures serve to relieve 
stiffness and fatigue acquired m the per 
formance of active exercises The patient 
must be made to realize that it is monot 
onous tiresome exercises not the soothing 
fingers of the masseuse which will restore 
function rapidly to the affected limb Occu 
pational therapy is a splendid means of 
obtaining early restoration of function es 
pecially among the patients who lack con 


served throughout the entire period of 
treatment 

The first instrument commonly used for 
applying skeletal traction to the femur v.zs 
the ice longs or calipers The points of the 
tongs were driven into the metaphyseal 
region of the bone just above the upper 
margin of the condyles The knee was per 
mitted to move in the yokelike portion of 
the tongs Because of the relatively large 
caliber of the soft tissue wounds and the 



Fio 845 Set up for skeletal traction Instead of a bent Thomas 
splint a Pearson leg p ece on a straight Thomas or a Braun frame 
may be used The use of a half nng splint with ring in front facilitates 
nursing See Chapter 22 for additional details as to padding fastening 
of suspension strips protection against slipping of pm and points 
to be checked during subsequent supervision 


fidence in the stability of the healed bone 
[See Chapter 22 for discussion of physical 
therapy in fracture treatment — Ed ] 

Use of Skeletal Traction As mentioned 
previously we prefer skeletal traction to 
adhesive skin traction for all cases of frac 
ture of the femoral shaft except in young 
children tnder certain conditions this type 
of traction is particularly indicated In all 
well developed individuals with strong mus 
cles and in cases of compound fracture in 
which the necessity for wound dressings 
tdds complications skeletal traction is the 
more efficient In addition to the other ad 
vantages motion at the knee can be pre 


disturbance caused by motion of the points 
of the tongs infection occurred frequently 
ID using this method Occasionally accidents 
were recoiled in children when slipping of 
the points of the tongs caused damage to 
the epiphjrses or to the joint structures 
The introduction of the Steinmann pin 
was a great improvement The points of 
insertion can be anywhere along the lower 
part of the shaft instead of just above the 
flaring condyles and one is certain that 
there will be no slipping at the point of 
traction A serious disadvantage to the use 
of the pm IS that if the insertion is not near 
the middle of the shaft one will occasionally 
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split the bone. This is particularly true in 
children and small-boned indhiduals. Mild 
infections at the points of penetration of 
the skin are not uncommon vrith the use 
of the Steinmann pins. 

The Kirschner ^vire obnates the draw- 
backs of both the previously mentioned 
methods. It is easily applied, most efficient 
for exerting traction, and causes infection 
verj' rarely. We use this method in all cases 
of femoral-shaft fracture where it is ap- 
plicable and which require treatment by 
traction, except in the case of children. 

The wire may be inserted satisfactorily 
with local anesthesia. However, a general 
or spinal anesthetic is preferable since it 
allows the operator to perform a reduction 
at the same time, by manipulating and ex- 
erting traction on the leg through the wire, 
before appl>’iQg the continuous traction to 
maintain the reduction so obtained. 

The first principle in the application of 
skeletal traction (Fig. 845) of any sort is 
that the procedure must be regarded as a 
major operation. The skin of the teg roust 
be shaved, cleansed, and draped just as 
carefully as though one were preparing for 
an open reduction of the fracture. The sur- 
geon must be scrubbed, gowned, and gloved 
as for a major operation. Only in this way 
can the risk of infection be certainly 
minimized. 

The authors have used the following 
technic for inserting Kirschner wires with 
success. The skin, following preparation, is 
drawn upward, i.e., proximally, over the 
point of election and a small incision made 
through its full thickness, and while frac- 
tion is being maintained on the skin a 
trochar is inserted through the muscles to 
the bone. In order to discover the midpoint 
of the shaft the trochar can be used advan- 
tageously to palpate. Then the trochar is 
forced through the periosteum and engaged 
in the outer layers of the cortex manually 
and the traction on the skin is released. 
Conscientious adherence to this detail, of 
pulling the skin upward, will prevent the 


incidence of pressure necrosis and infection 
caused by the wire on the tense skin. The 
wire is then placed in the trochar and drilled 
Uirough the bone. It may be drilled or 
pushed through the muscles on the opposite 
side to the level of the subcutaneous fat. 
When this point is reached and the skin 
bulges, it again must be drawn upward as 
described above and an incision made down 
to the wire tip. The wire is then forced 


/ 



Fic. 846. Close-up of pin 
and yoke. Felt or cork can 
be placed between yoke and 
skin, and corks placed over 
pin ends. 

through so that it projects equally on the 
two sides, and the yoke or spreader is ap- 
plied. A satisfactory dressing for the wire 
wounds consists of gauze covered with col- 
lodion. To prevent lateral slipping of the 
wire in the bone one may thread corks on 
the wire, forcing them close against the 
dressings, and then attach the arms of the 
spreader or yoke outside the corks. By thus 
avoiding play between the skin surface and 
the >xike the incidence of infection is also 
diminished. (See Fig. 846.) 

A Thomas splint, preferably the half-ring 
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modification of Blake to which the Pearson 
leg attachment has been added is utilized 
to support the leg It is usually more con 
vement to apply the splint before inserting 
the wire The splint is supported in bal 
anced suspension from the Balkan frame 
and lined and padded as outlined above m 
the section on adhesive skin traction The 
thigh is most comfortable and the traction 
most effective when the hip is flexed to 30 
or 40° The knee is flexed sufficiently to 
allow the leg to parallel the surface of the 
bed TurnbucUes or slings hold the post 
tion of the Pearson splint fixed with rela 
tion to the Thomas splint until there is 
definite evidence of beginning union How 
ever the angle of the knee should be 
changed by S to 10° occasionally during 
the period of fixation At the end of four 
or five weeks there is usually sufficient 
fixation by callus to allow mobilization of 
the knee by balanced suspension of the 
Pearson splint through a separate rope and 
pulleys If the cord running from the distal 
end of the Pearson splint is led upward 
toward the head of the bed the patient may 
initiate knee motion by alternately pulling 
on and releasing the weighted end of the 
cord Gradually with progressive return of 
muscle power free motion becomes possible 

It is practical and advisable to maintain 
skeletal traction until union is firm This 
usually will require from seven to nine 
weeks At the end of that time the wire is 
removed and the patient exercises in the 
balanced splints without traction for from 
a few days to a w eek Then walking is begun 
with the aid of crutches or a walking roa 
chine and a walking caliper splint The 
further treatment is similar to that de 
scribed in the section on adhesive skin 
traction 

The authors feel it necessary to reiterate 
their preference for skeletal over skin trac 
tion and to mention the reasons for this 
preference The simplicity of application 
facilitation of nursing care and greater me 
chanical efficiency are the chief factors in 


Its favor Infection of the wire wounds is i 
rare occurrence if careful aseptic technic 
IS observed both at the time of insertion 
and afterward 

Furthermore during the maintenance ol 
si eletal traction one may employ physical 
therapy m an effective manner which is 
impossible in cases treated by skin adhesive 
traction Such physical therapy should be 
intensive It may consist ideally of the ex 
posure of the affected thigh to continuous 
heat of low intensity as from a 40 watt 
electric bulb and of short periods of light 
stroking massage twice daily That this ex 
hibition of physical therapy is beneficial is 
proved by (he diminished healing time of 
bone and by the more rapid restoration of 
muscle tone and power m cases so treated 
These patients treated by skeletal traction 
usually resume their customary employment 
one to two weeks earlier than do patients 
treated by means of adhesive skin traction 
Disability for light work averages 18 weeks 
and for heavy work 20 weeks 

\Vhtle this technic is advantageous for all 
shaft fractures there is one type (hat in 
volving the lower third or supracondylar 
region in which it is practically mdis 
pensable The flexion of the distal supra 
condylar fragment by contraction of the 
gastrocnemius even if of only moderate 
degree is overcome with peat difficulty 
unless the knee is flexed Sufficient knee 
flexion to allow correction of this deformity 
IS not attainable when skin traction meth 
ods are used while with skeletal traction 
the knee may be flexed to 90' without 
sacrificing the efficiency of traction force 
Furthermore one can add an anterior com 
ponent to the traction force if necessary 
by altering the line of traction on the wire 
Thus the tendency to flexion in the distal 
fragment is more easily overcome [See 
Chapter 22 for general discussion of technic 
of skeletal traction and of principles in 
\oIved — Ed ] 

[In the use of skeletal traction for frac 
tures of the femur the placing of the pm 
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or wire through the tibial tubercle instead 
of through the lower femur is advocated by 
many men for one or all of four main rea- 
sons. (1) Avoidance of all risk of trans- 
versing any part of the knee-joint cavity 
with the pin or wire, (2) minimal risk of 
knee-joint involvement if the pin or wire 
hole develops infection, (3) minimal risk 
of pinhole infection because of a paucity of 
surrounding soft parts moving about the 
pin and causing seepage, and (4) ease of 
application and absence of risk to soft-part 


throng the tibial tubercle is a less efficient 
method, hut is less apt to cause trouble 
if technic and continued supervision are 
doubtful quantities. The suspension ele- 
ment Is the same by either method— the 
combination of the Keller-Blake splint and 
Pearson leg piece, or the Braun type of 
frame (see supracondylar fracture in (Chap- 
ter 37). 

\Vheo skeletal traction is used for the 
t>pical supracondylar type of fracture, the 
point of attachment of the Pearson leg 



Fig. 847. Hodgen splint traction. Traction straps are fastened to 
end of splint and pull is e.xerted by iaclining pull on suspension from 
vertical as indicated. This also exerts a definite lifting action on 
lower fragment. Leg and thigh should be bandaged into splint. 


structures outside the joint cavity during 
insertion of the pin or wire. 

Against these advantages must be bal- 
anced the following disadvantages: (1) 
Lack of direct control of the distal femur 
fragment, (2) possible ill-effects of traction 
on the ligaments of the knee j’oint, and 
(3) inability to mobilize the knee joint dur- 
ing the period of traction. 

There can be little question of the greater 
mechanical efficiency of the pin through the 
femur, or of the value of knee-joint mo- 
bilization. The pin through the tibial tuber- 
cle requires less skill and technic in inser- 
tion, and requires less careful supervision 
later. 

It all boils down to the fact that the pin 


piece, or the point of angulation in the 
Braun frame should be placed at the frac- 
ture site and not at the axis of knee-joint 
motion. This materially aids in correcting 
the backward tilt of the lower fragment 
(see Chapter 22). 

^Mien the supracondylar tjpe of fracture 
is extremely low, when the lower fragment 
is comminuted, or when soft-part lesions 
interdict the use of the pin through the 
lower fragment, insertion through the tibial 
tubercle becomes obligatory.— Ed.] 

Other Traction Methods. Hodgen 
Splint. This has been used successfully for 
the treatment of femoral-shaft fractures by 
many surgeons. The authors liave had no 
experience with this splint, but feel that it 
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offers no advantages over the simpler trac 
tion methods described above (Fig 847) 

Hoke Traction Apparatus This com 
bines traction with fixation in plaster 
Traction is obtained by means of adhesive 
strips applied to the sides of the affected 
leg A double plaster of pans spica is then 
applied extending from the costal margin 
to and including the foot on the sound side 
and to a point just above the malleoli on 
the affected side The ends of the adhesive 
strips attached to the injured leg are fixed 
to the Hoke apparatus and a moderate 
amount of traction is exerted by means of 
tightening the screw on the outer side of the 
instrument When the plaster has dried the 
position of the fragments is checked and 
the traction force increased or decreased as 
indicated [Skeletal traction can be used 
with the Hoke method See Chapter 35 — 
Ed] 

This scheme is particularly well adapted 
to the treatment of long spiral fractures 
which require lateral support as well as 
traction It allows frequent shifting and 
turning of the patient in bed or transporta 
tion of the patient without incurring the 
risk of losing the position of the fragments 
However it is a method which should be 
used preferably for children or young adults 
only Older patients do not tolerate pro- 
longed pressure of the plaster casing on 
their relatively poorly vascularized skin 

Six to e ght weeks after application one 
IS ordinarily safe in bivalvmg the plaster to 
inspect the fracture site and to determine 
the degree of healing The subsequent man 
agement is similar to that to be described 
m cases treated by immediate reduction and 
fixation in plaster 

Russell Method The Russell method 
of applying traction suspension for femoral 
fractures was described in the British Jour 
nal of Surgery m 1924 by R H Russell 
Since that time the excellence of the method 
for certain types of shaft fractures chiefly 
those involving the trochanteric region and 
upper third of the shaft and its relauve 


ineffectiveness m other types have been 
proved Fractures of the lower th rd of the 
shaft are generally managed better by an 
other traction method However this is by 
no means a rigid rule Similarly fractures 
in individuals with heavy thighs due either 
to strong muscles or to obesity are not welt 
managed by the Russell method For chil 
dren and weak patients as a group the 
method is well adapted although most chil 
dren are restless enough to make the mam 
tenance of the traction m proper directions 
a major nursing problem 

A brief outline of the equipment lequired 
and the manner of procedure in setting up 
the Russell traction extension apparatus is 
as follows 

1 A fracture bed with the foot elevated 
about eight inches on blocks or pins 

2 An overhead frame 

3 Moleskin adhesive strips which are 
applied smoothly to the lower leg extend 
mg from below the head of the fbula to 
just above the malleoli The folded lower 
ends of the adhesive are attached to a 
spreader just beyond the sole of the foot 

4 The hip IS flexed to 20 and abducted 
to about Id” 

5 The knee is flexed to about 160* so 
that the leg is parallel with the bed 

6 Soft pillows are placed beneath the 
calf and beneath the thigh 

7 A shng IS placed beneath the well 
padded popliteal space with traction ap 
plied to it obliquely upward and toward 
the foot of the bed via a rope to an over 
head pulley making an angle of 120* with 
the thigh This angle vanes somewhat with 
the individual fracture 

8 A single pulley is attached to the 
spreader beyond the foot and two single 
puUe>s are attached beyond the end of the 
bed on a level suitable to allow the heel to 
dear the bed when traction is applied 

9 The rope (preferably hatters cord to 
minimize friction) is led from the knee sling 
to the overhead pulley thence to one of the 
pulleys beyond the bed, thence back to the 
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pulley attached to the spreader, and finally 
over the second pulley beyond the bed. 

10. A weight of six to twelve pounds for 
adults, or three to six pounds for children, 
is attached to the end of the rope. 

It is not necessary to anesthetize the 
patient before applying this traction, al- 
though in dealing with muscular adults 
anesthesia during the initial stage of trac- 


^Vhen this extension apparatus is applied 
properly, the resultant force is directed, as 
shown in Fig. 848, directly in line with the 
shaft of the femur. The importance of ar- 
ranging the various forces exactly as shor\*n 
in order to obtain maximum benefits of the 
method is obvious. One must realize that 
the double pulley rigging between the foot 
and the weight supplies an effective force 



Fig. 848. Russell traction. Thigh and leg should be supported on 
pillows. A little more flexion of thigh may be needed. Ultimate line of 
pull is determined by completing the quadrilateral, of which (a) and 
(b) are two sides. The diagonal from knee to opposite corner of 
quadrilateral represents line of pull. In constructing this parallelogram 
of forces it is of course obvious that horizontal sides must be twice the 
length of upright sides, since a double pull is being e.xercised on leg- 
traction straps through pullq'^ arrangement. (See Chapter 22.) 


tion is advantageous. \Mien the apparatus 
is in place the operator, standing at the 
foot of the bed, grasps the foot and leg on 
the affected side and exerts traction of 
slowly increasing force. ^Mien the force is 
sufficient to reduce and hold the alignment 
of the fragments a weight, equal in effect 
to the required force, is applied to the end 
of the rope. Soft pillows are placed beneath 
the thigh to prevent sagging of the frag- 
ments at the fracture site and beneath the 
calf to keep the heel raised from the bed. 


equal to twice the amount of weight at the 
end of the rope. 

Russell originally advocated maintaining 
traction for a period of four weeks only. 
This is too short a time for the average 
femoral-shaft fracture. We have found it 
necesaiy to keep the traction in force for 
about eight weeks in order to prevent re- 
currence of deformity. WTien there is x-ray 
evidence of firm callus the traction is re- 
moved and the patient kept in bed without 
support for one week. At the end of that 
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lime 9 to 10 weeks after injury walking 
with the aid of a non weight bearing caliper 
splint and a walker or crutches is permitted 
Thereafter the patients progress is similar 
to that noted above in the treatment for the 
skeletal and adhesive skin traction methods 
Disability time for light work is about 
18 weeks and for heavy work about 20 
weeks The similarity in disability times 
between fractures treated by the Russell 
method and tho'e treated by the more effi 
cient skeletal traction is due to the differ 
ence in the type of fractures treated The 
Russell method is used in subtrochanteric 
or high upper third shaft fractures only 
The bone in this region heals more readily 
than in the lower portions of the shaft 
There is one serious disadvantage of the 
Russell method it demands frequent in 
spection and usually adjustment by one 
who understands the principles involved 
The instability of the ng and the faality 
with which a restless or uncooperative pa 
tient can disarrange it are exasperating to 
the resident physicians or internes who 
should be entrusted with the duty of mam 
taming the condition of the apparatus 
Nurses must not be expected to maintain 
the adjustment unless they have been thor 
oughly schooled in the niceties of con 
tinuous traction tberapj 
Against this disadvantage one must bal 
ance several facts The equipment required 
IS relatively simple involving no special 
splint or instruments The traction when 
properly placed is comfortable for the pa 
tient because the thigh and leg muscles are 
held in positions of physiologic balance 
Nursing procedures are facilitated since the 
patient can raise himself and turn with the 
aid of a trapeze just m other types of 
balanced traction suspension As a final ad 
vantage one might add that physiotbera 
peutic treatments can be earned out without 
influencing the position of the fragments 
[Care must be constantly exerased to 
avoid two serious compbcations m the u«e 
of Russell traction One of these is peroneal 


nerve palsy due to pressure by the edge of 
the supporting sling m the region of the 
fibular neck The other is pressure necrosis 
in the popliteal space over the hamstrings 
In patients who are old dehydrated or de 
bilitated the latter can occur very quicUj 
The peroneal nerve palsy can become estab 
lished overnight and is very slow to re 
cover —Ed ] 

CLOSED REDUCTION AND FIXATION 
IN PLASTER 

Reduction of a fracture of the femoral 
shaft under general anesthesia followed by 
immediate fixation in plaster is perhaps the 
next most generally applicable method of 
treatment Campbell m 1925 reported a 
senes of simple fractures treated in this 
manner with 95 per cent satisfactory results 
m adults (54 cases) and 97 5 per cent satis 
factory results m children (53 cases) These 
are (be excellent results of a surgeon skilled 
in manipulative reduction and adept in the 
use of plaster The technic however is rela 
lively simple and may be used safely and 
with the expectation of good results by the 
surgeon who treats only an occasional ca«e 
of this type 

In the case seen within 12 hours or later 
if there is little swelling reduction is per 
formed at once Excessive swelling and 
ecchymosis necessitate temporizing with 
the leg elevated in a simple traction su'pen 
Sion apparatus until the swelling subsides 
The Russell extension apparatus described 
above IS a satisfactory means of supporting 
the leg until manipulation is performed 

Physical therapeutic measures are bene 
ficial in shortening this period of inactivity 
Such treatment must be as gentle as pos 
sible Continuous heat from a 40 watt elec 
trie bulb placed 18 inches above the thigh 
within a covered cradle will stimulate the 
arculation for the dispersion of hemorrhage 
and exudates The only other measure which 
is helpful and innocuous is light stroking 
massage of the affected thigh The stroking 
must always begin distally and proceed 
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proximally— i.e., in the direction of the 
venous and IjTnphatic flow. [See Chapter 
22 for discussion of timing of manipulative 
reduction.— Ed ] 

In carrying out the reduction the patient 
is placed upon a fracture table with the 
pubis, adequately padded, firmly against 
the perineal bar. A general anesthetic is 
administered. If there is no contraindica- 
tion we prefer a low spinal anesthesia given 
with the patient lying on his side on the 
fracture table before the operative position 
is assumed. Both feet are firmly fixed to the 
foot pieces with the thighs in 30“ of abduc- 
tion and the hips and knees flexed to about 
45“ from the horizontal. The knees are sus- 
pended by slings from overhead bars, and 
the popliteal spaces must be carefully 
padded with felt. Traction is then applied 
to both legs by means of the screw exten- 
sion of the table until shortening of the 
affected leg has been corrected. Then tbe 
operator places both hands on the thigh and 
by manipulating it in the anteroposterior 
direction or laterally, as may be necessary’, 
causes the ends of the fragments to engage. 

A very expedient method for accomplish- 
ment of this reduction is suggested by Key 
and Conwell. It consists in fixing the un- 
affected leg as above and resting the knee 
of the fractured leg on the shoulder of the 
operator, who faces the patient An assist- 
ant exerts pressure on the leg fle.xed on tbe 
operator’s back, while the latter exerts trac- 
tion on the thigh by leaning his body weight 
back against the flexed leg. Thus the opera- 
tor is in excellent position to manipulate 
the fragments with both hands. In this as 
in other methods of reduction one must 
employ the principle of bringing the more 
easily controlled distal fragment into align- 
ment with the proximal fragment. 

If the engagement of the bone ends is 
firm, as proved by lack of shortening and 
lack of recurrence of deformity on gentle 
pressure upward on the fle.xed knee after 
traction has been removed, the reduction 
may be considered satisfactory. A fluoro- 


scopic check of the reduced position is com- 
forting but not absolutely essential. After 
obtaining reduction the position of the thigh 
must be maintained either manually or 
more safely and rigidly by means of the 
slings and extension apparatus of the frac- 
ture table during the application of the 
fixation. 

An adequately padded double spica of 
plaster is then applied extending from the 
nipple line to the toes on the affected side 
and to just above the knee on the well leg. 
Both hips and knees are held flexed 45“ and 
the thighs are abducted about 30°. WTien 
the plaster is dry x-ray films are taken. 

If the position is satisfactory’, this plaster 
is maintained for two weeks in children and 
three weeks in adults. At the end of that 
time the plaster is removed and tbe hip 
and knee joints gently manipulated with 
the patient on the fracture table, in order 
to minimize later stiffness. At tbe same time 
any correction in alignment at the fracture 
site may be accomplished by manipulating 
the still soft callus. The legs are then again 
supported on the fracture table or manu- 
ally, and a plaster spica similar to the first 
one is applied with hips and knee flexed to 
slightly different degrees. This second plas- 
ter is maintained for three to five weeks. 
At the end of that time the plaster is bi- 
valved and the fracture tested for evidence 
of union both manually and by x-rays. If 
union has progressed sufficiently the plaster 
is not reapplied, but the patient is kept in 
bed without support for one or two weeks, 
depending on the degree of healing, the 
status of muscle tone, and the general phys- 
ical well being. During this period active 
exerdses of the leg are enforced and phys- 
ical therapy is administered. In the average 
case walking is allowed with the aid of a 
walking caliper splint and walking machine 
or crutches about ten weeks after tbe frac- 
ture oarurred. Four to six weeks later the 
splint is discarded, but the crutches are 
maintained. As soon as the plaster has been 
discarded physical therapy in the nature of 
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(1) heat lamps or warm baths (2) whirl 
pool baths and (3) massage is helpful la 
restoring muscle tone and strength In the 
later weeks occupational therapj will be 
jmaluable in reconditioning joint motion 
and mu«cle poner 

Full weight bearing is resumed about 20 
weeks after the fracture was sustained It is 
adwsable to obtain x rays at intenals of 
10 to 14 dajs during the first few weeks 
of weight bearing in order to detect anj 
tendencj toward «hortening or angulation 
at the fracture site before gross deformity 
occurs 

Disabilitj time for fractures treated by 
reduction and immobiliaalion in plaster i> 
longer than for the traction methods Light 
work IS usuallj resumed 24 weeks and 
heary work 26 weeks after the occurrence 
of the fracture This longer disability time 
is due (0 the inabihti to speed the healing 
process and maintain muscle tonebyph>sio 
therapeutic measures and actne exera«es 
while planter is m place 

AJfSLX/irOKt rSEATiTEVr 

Se\ eral ambulatory methods for treating 
fractures of the shaft of the femur bate 
been ad%ocated during the past few years 
The results obtained b% tho«e who have 
perfected the rather specialized technics in 
volved certainly justify the added labor 
incurred at the time of reduction 

The procedure described by Roger An 
dercon or «ome modification thereof •^eems 
most effiaent Two steel pins are inserted 
through both the upper and loner frag 
ments All pins are inserted from the lateral 
aspect The uppermost pin is directed 
obliquely m a distal and medial directioa 
from the central point of the greater tro 
chanter and the lower of the two upper 
pms is directed upward and mediallv into 
the 'baft from a point about 4 to 5 cm 
below the fir t Both pms tran«fiT the «haft 
completelv their points projecting just 
above and below the le«'er trochanter Two 
pins ate similarly m'crted throu^ the 


lower fragment at an angle to one another 
piercing the shaft from the lateral a«pect in 
the same manner as the upper pm 

Special yokes or bracket are attached to 
each set of pins An alternate procedure 
consists in using only one 'teel pm or a 
Kir=chner wire to pierce the lower frag 
ment This wire extend* equal distances on 
cither Side of the thigh Having introduced 
the pins or wires reduction may be accom 
plishcd manually or by utilizing the trac 
lion devices of an ordinary fracture table 
or by means of the specially designed re 
ducing apparatus The latter provides arms 
and yokes to which the pm brackets are 
attached Traction elevation angulation 
and rotation m the various planes required 
can be obtained by manipulating the van 
ou* lumscTews of the spimt *o that an 
anatomic reduction is attained Mlien the 
position of the fra^nnents has been checked 
by X rays a plaster casing incorporating the 
projecting pms is applied from the crest 
of the ilium to a point two inches below 
the knee The planter i* cut out over the 
patella and behind the knee joint to allow 
free motion of the knee After the plaster 
has set the leg is removed from the appa 
ratus 

fin place of the plaster encasement an 
arrangement of bars and nut clamps can 
be utilized to hold fixed the reduction ob- 
tained by the machine For a general dis 
cushion of pins and plaster and pins and 
apparatus reduction and fixation and of its 
tedinic «ee Chapter 22 where the u«e of 
the Roger Anderson Stader and Haynes 
apparatuses are illu trated Ed f 

The patient is encouraged to walk with 
CTWtcbe* without weight bearing as soon as 
the reaction to operation has subsided 
Graduallv during the ensuing two weeks 
weight beanng mav be instituted As ^oon 
as there vs x ray evidence of callus forma 
tion many of the patients are able to walk 
with only the aid of a cane The plaster or 
fixation apparatus is maintained for from 
8 to 12 weeks depending upon the rapidity 
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of healing. Generally, comminuted and long 
spiral fractures require a longer time than 
anatomically reduced transverse fractures. 

The theoretical advantages of this 
method of treatment are obvious. In frac- 
tures which would be difficult to hold re- 
duced by simple traction methods or by 
fixation in plaster, the points of skeletal 
fixation afforded by the pins ser\*e to allow 
accurate reduction and to hold the frag- 
ments rigidly when encased in plaster. This 
method is particularly well adapted to frac- 
tures of the immediately subtrochanteric 
region with the flexed, abducted and e.x- 
ternally rotated upper fragment, and also 
to cases of fracture of the supracondylar 
area with a sharply flexed lower fragment. 
The early resumption of motion of the hip 
and knee is beneficial in that it is prophy- 
lactic against the muscle atrophy and joint 
stiffness which frequently follow methods 
o! treatment which involve immobilization 
of these joints. Perhaps the greatest factors 
in favor of this procedure are the shortened 
period of hospitalization and the shortened 
disability time which appreciably lessens 
the financial burden for the patient. 

Despite these definite advantages of the 
ambulatoiy method, we are reluctant to 
recommend it for general use. The special- 
ized instruments required are not alwaj’s 
easily available on the average surgical 
service. A more important consideration is 
the mechanical skill required to utilize the 
equipment properly. Facility in manipulat- 
ing apparatus of this sort comes only with 
frequent use, and the skill of even the adept 
is often heavily taxed to obtain the optimum 
results. (See Chapter 22 for general dis- 
cussion of this point.— Ed.] The disability 
time for light work averages 16 weeks and 
for hea\w work IS weeks. These periods are 
shorter than in cases treated by traction or 
immobilization in plaster because hip and 
knee motion and a fair degree of muscular 
activity of the thigh, leg, and foot are per- 
formed in walking during the period of 
fixation. The muscle atrophy resulting from 
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the other methods of treatment is eliminated 
to a large extent. 

OPEN REDUCTION AND INTERNAL 
FIXATION 

Although there is a growing tendencj* to 
employ open reduction in fractures of the 
shaft of the femur, the consensus is over- 
whelmingly in favor of attempting reduc- 
tion by a closed method primarily. Failure 
to obtain reduction after a fair trial by 
means of traction and manipulation usuallj’ 
indicates the interposition of soft parts be- 
tween the fragments. Such a situation de- 
mands prompt action in the nature of an 
open reduction to free the fragments in 
order to prevent dela>ed or nonunion. The 
presence of displaced intermediar>’ frag- 
ments which cannot be controlled, and the 
occasional refractory spiral fracture are 
complicated conditions which are best han- 
dled by open reduction. In all fairness to 
the method one must admit that in many 
large clinics, particularly those associated 
with large industrial organizations, open 
reduction and internal fi.xation is the 
method of choice. Furthermore, the results 
obtained in terms of anatomic alignment, 
firm fi-xation, and early resumption of func- 
tion when this tjpe of treatment is success- 
fully carried out certainly justify the en- 
thusiastic claims of its adherents. (See 
Chapter 22 for discussion of this whole 
subject.— Ed.J 

Optimum Time for Operation. The de- 
cision to utilize the operative treatment 
should be reached as soon as possible in 
order to save extra hospitalization for the 
patient. The most auspicious time for open 
reduction, as for any method of reduction, 
is within one to two hours after the occur- 
rence of the fracture, before excessive 
hemorrhage has occurred into the tissues 
and before onset of muscle spasm and in- 
filtration. If it is neccssarj' to delay opera- 
tion because of the presence of shock, or in 
order to evaluate or treat a systemic con- 
dition of the patient, this delay should be 
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as- short as possible The aim of operative 
reduction is to debride the affected area of 
blood clot and devitalized muscle and to 
effect rigid fixation before the phase of or 
ganization of the clot occurs Once it occurs 
the extensive infiltration of blood about 
the site of fracture causes pressure necrosis 
and devitalization of the soft tissues Sudi 
a poorly vascularized area is slow in healing 
and prone to become infected and m these 
cases one must wait until absorption and 
organization of the hemorrhage and subsid 
ence of edema is well under way before 
venturing to inflict further injury on the 
tissues by operative procedures 

Skin Preparation In cases operated on 
as emergencies one must shave the thigh 
carefully and then begin the skin prepara 
tion with a grease solvent such as benzene 
and follow with an ether wash The usual 
antiseptic solutions or the soap and water 
technic may be used Cases which are to 
have a delayed operation should have a 
careful preparation of the entire thigh with 
soap and water alcohol and ether in that 
order at least once on the day preceding 
operation The thigh is then carefully cov 
ered with sterile ton els which are bandaged 
firmly in place until the patient is on the 
operating table At that time the final skin 
preparation is done Too rigorous skin prep 
aration which might create excoriations or 
abrasions of the easily damaged skin in the 
operative area must be avoided 
General Technic of Operation The 
technic emplojed m the open reduction of 
fractures must be most careful m regard 
to asepsis A strict Lane technic is perhaps 
the ultimate m bone surgery In most hos 
pitals unfortunately the special training of 
nurses intern® residents and staff mem 
bers which is essential to form teams capa 
ble of carrying out Lane technic is impos 
sible from an economic point of view 
However a modified Lane technic to the 
extent of touching the operative area as 
little as possible with the fingers can be 
maintained without great difficulty We 


have found this latter plan eminently satis 
factory The scalpel used for the skin mci 
Sion IS discarded and a clean one used for 
dissection of the deeper tissues Towels 
should be carefully clipped to the skin edges 
with large Michel clips so that wound con 
tamination from the skin surface is pre 
vented 

The inasion is usually made on the 
anterolateral aspect of the thigh utilizing 
the plane between the vastus lateralis and 
rectus femons to approach the bone It 
should be long enough to permit easy ex 
posure of the fracture site Reduction is 
carried out by traction with the aid of 
levers and bone holding clamps in a man 
ner employing the maximum of mechanical 
efficiency and a minimum of tissue trauma 
A suitable clamp or clamps should then be 
used to hold the fragments rigidly in the 
reduced position while the fixative agent 
IS applied 

We feel very strongly about the advan 
tages of rigid internal fixation and employ 
it m all cases of open reduction even though 
the reduced fragments tend to stay in post 
tion Internal fixation properly applied 
should afford an equal or greater sense of 
security against recurrence of deformity 
than the most efficient form of external 
fixation A number of different types of 
fixation are available Steel plates Parham 
bands screws bolts or vvire may be used 
effectively while catgut and fascial strips 
should not be used because they cannot 
produce rigid fixation and are not perma 
nent Our preference for an internal splint 
of the femoral shaft is a six hole Sherman 
type of plate made of vitalhum There are 
several stainless steel materials available 
which are also satisfactory Me prefer not 
to use the old standard vanadium steel 
plates and screws because of their tendencj 
to corrode and break in the medium of the 
tissue fluids It may be well to emphasize 
the important fact pointed out by Venable 
and Stuck that plates and screws or any 
other combination of metal fixative mate 
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rials must be made of the same metal. 
Failure to observe this fundamental rule 
will result in the establishment of an elec- 
trical current between the dissimilar metals, 
due to a difference in the electrical poten- 
tial. This electrolytic action causes corro- 
sion of the metal concerned with loosening 
of screws in the bone and consequent loss of 
reduction, or at least of rigid fixation The 
possible adverse influence of the electrical 
current on the healing bone is a second 
serious consideration. [See Chapter 22 for 
discussion of this point.— Ed.] 

Attention to certain technical details will 
greatly facilitate the operation of plating 
fractures. Adequate exposure of the frac- 
ture site to permit easy visualization and 
manipulation with a minimum of trauma is 
a primary requisite of open reduction. When 
reduction has been accomplished it Is advis- 
able to clamp the plate firmly to the aligned 
fragments before drilling the bone to make 
screw holes. The so-called "free hand" drill- 
ing with the plate placed loosely on the bone 
may be necessary in some cases due to ana- 
tomic complications in certain types of 
fractures. However, this latter method 
greatly increases the difficulty of properly 
aligning the plate and screws. Before apply- 
ing the plate the periosteum should be 
raised from the bone in such a manner that 
the muscles remain attached to the peri- 
osteal flaps, thus insuring its blood supply. 
No more periosteum should be raised than 
is necessary to accomplish reduction and to 
accommodate the plate. The vascular peri- 
osteal flaps are then sutured over the plate. 

The caliber of the drill chosen should be 
just less than that of the screw to be in- 
serted to insure a firm grip for the screw. 
The correct-sized drill for the standard 
screw has a diameter of 3/32 inch— a No 32 
Brown-Sharp drill is ideal. The drill should 
be directed at right angles to the shaft, 
passed through the near and far cortices, 
stopping just short of the periosteum of the 
distal cortex. WTien the drill is about to 
emerge from the far side of the distal 


cortex, it will bind slightly for about one- 
quarter turn. If one stops drilling at that 
point the lunge through the soft tissues 
which often follows complete penetration of 
the bone is avoided. Also, if the drilling is 
stopped at this point one can then measure 
the length of drill buried in bone and thus 
have an accurate idea of the length of screw 
required. The screws, of course, are of the 
self-tapping machine varietj’ They must be 
inserted accurately at right angles to the 
plate and shaft in order to prevent the de- 
velopment of shearing forces which might 
lead to loosening of the screws or even to 
fracture of the plate. 

In order to eliminate these shearing 
forces, the insertion of one or more free 
screws, of the same metal as the plate and 
its screws, across the fracture line has been 
suggested and used for some years by Clay 
Ray Murray. These cross-fixation screws 
are inserted in a horizontal plane relative to 
the screws of the plate. Separate fragments 
large enough to afford a grip may be 
anchored in place by these free screws. 
(See Chapter 22 for detailed discussion of 
technic of internal fixation.— Ed.] 

After the internal fixation has been com- 
pleted and the wound closed, the affected 
leg should be placed in a Thomas splint in 
balanced suspension as described above in 
the section on skeletal-traction methods. 
The suspension is continued with the knee 
held in a flexed position on the Pearson 
attachment for about four weeks. At that 
lime, if there is x-ray evidence of callus 
fonnation, the knee is mobilized and active 
motions of the joint in flexion and exten- 
sion and swinging of the hip in abduction 
and adduction are encouraged. After the 
eighth week the splints are removed and 
the patient remains in bed for one or two 
wee^ without support. Finally after ten 
weeks, walking with the walking caliper 
splint and crutches, or the walking ma- 
diine, is permitted. The future progress 
depends on the degree of healing and the 
strength and ambition of the patient. 
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This scheme of postoperative treatment 
seems more advantageous to us than the 
alternate one of encasing the affected leg 
in plaster for six or eight weeks By fixation 
in plaster one approximates the rigid fix 
ation obtained by the ideal plating opera 
tion but we consider the early institution 
of active exercise permitted by internal 
fixation one of the chief arguments in favor 
of this type of treatment It not only mam 
tains the muscle tone of the leg and avoids 
joint stiffness but also accelerates the heal 
mg process by promoting the revasculanza 
tion of the affected area 

TREATMENT OF COMPOUND 
FRACTURES OF SHAFT OF 
FEMUR 

The treatment of compound fractures of 
the femoral shaft as of other long bones 
IS a controversial subject Since it is treated 
exhaustively elsewhere in this book we shall 
merely outline briefly procedures which we 
employ 

The mam question at issue is when to 
debride Every case deserves at least a lim 
ited local debridement of the skm wound 
even though this appears to be but a tiny 
puncture The practice of debnding or not 
debnding on the basis of whether the com 
pounding has been caused by the bone from 
withm or by the blow of an external object 
IS to be condemned The decision regarding 
the mode by which the wound occurred is 
almost always based on speculation rather 
than fact Too often m debnding the m 
significant puncture wound one discovers a 
tract contaminated with gross dirt leading 
down to the bone and not infrequently in 
such circumstances bits of grit will be found 
on the roughened ends of the fragments 
Therefore one can avoid the potential risk 
of infection only by thoroughly debnding 
every case The methods employed m de 
bndement are treated extensively elsewhere 
m this text [See Chapters 22 and 23 for 
extensive discussion of compound fractures 
-Ed] 


However the problem of primary closure 
or drainage of the wound invites debate 
There is no doubt that if one were sure that 
all infected and devitalized tissue had been 
removed primary closure of the wound 
would be the procedure of choice And fur 
thermore most of the cases in which one 
would feel sure of perfect debridement 
would heal by primary intention However 
because the status of the wound cannot be 
determined with absolute certainty at the 
time of operation we feel that the only fair 
decision is to drain every such wound The 
drainage is accomplished with petrolatum 
gauze packed loosely into the wound In 
addition m cases which appear to be clean 
deep tension sutures are placed through the 
skin and muscles at the time of debride 
ment and tied loosely over a gauze dressing 
The wound is inspected after five days and 
if there is no evidence of infection the petro 
latum gauze pack is removed and the wound 
closed by tying the previously placed su 
tures 

There are some who advocate the reduc 
lion and fixation of the fragments by means 
of plates and screws or other metal devices 
after debridement The arguments in favor 
of this practice are that if the wound heals 
by primary intention the reduction is in 
sured and if infection should ensue the 
rigid fixation of the fragments will not 
encourage it as would motion of the frag 
ments which would occur if supported by 
any other ngid form of splinting Tkis 
reasoning is logical but not convincing 
enough to lead us to recommend internal 
fixation of these compound fractures The 
introduction of foreign bodies into a poten 
lially infected wound seems to violate one 
of the cardinal principles of surgery [See 
Chapter 22 for full discussion of this point 

-Ed] 

Within recent months the introduction of 
external fixation in cases of compound frac 
tures has been acclaimed by men working 
in this line and their results seem indeed 
gratifying However until more experience 
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has been gained and a further period of 
time allowed to evaluate the end-results we 
hesitate to recommend this as a procedure 
of choice. The inability of clinicians to 
obtain the necessary equipment for this 
tj-pe of treatment has narrowed the field of 
men experienced in this tv^je of manage- 
ment. 

After debridement and packing of the 
wound skeletal traction in a Thomas splint 
with Pearson attachment, according to the 
technic described in the section on skeletal 
traction, affords an excellent method of fix- 
ing these fractures. 

In our e.xperience, infected compound 
fractures are best treated by the Orr method 
or some modification thereof. 
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Fractures and Dislocations 
Involving Knee Joint 
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SUPRACONDYLAR FRACTURES 
OF FEMUR 

The chief characteristic of supracondylar 
fracture of the femur is posterior (flexion) 
displacement of the distal fragment This 
IS caused by the powerful pull of the calf 
muscles (Fig 849) The position of muscle 
equilibrium m this fracture is flexion of the 
knee at an angle of from 45 to 90* 

Reduction is usually accomplished by 
traction in flexion although open reduction 
may be necessary Fixation after reduction 
IS maintained by a plaster spica continuous 
traction or internal fixation Traction in 
any case is applied by Kirschner wire or 
Steinmann pm through the upper tibia 
rather than through the distal fragment of 
the femur Shortening is due to contraction 
of the longitudinal muscles (hamstrings and 
quadriceps) which insert in the leg For 
this reason traction applied to the tibia 
exerts its force more directly and efficiently 
on the muscles than when it is applied to 
the femur 

When normal length is restored in the 
proper position of muscle equilibrium the 
intact ligaments of the knee will float 
the fragments into position There is no 
danger of overstretching these ligaments 
since the real traction force is exerted on 
the muscles Once these are pulled out to 


normal length the amount of force neces 
«ary to restore the relationship of the frag 
ments is very slight 

Reduction by manual pull and mampula 
tion without the aid of skeletal traction is 
difficult and is so often unsuccessful or 
only partly successful that its use is not 
advised If it has to be used because skele 
tal traction is not available the manual 
traction should be made on the leg with 
the knee well flexed while an assistant ex 
erts forward lift on the lower femur m the 
popliteal space Even should reduction be 
so accomplished the chance of maintaining 
It without the aid of a wire or pm fixed in 
the immobilizing plaster would be discour 
agingly small 

Reductiov and Fixation in Plaster 

Before removing the first aid splint a 
careful examination is made of the nerve 
and blood supply distal to the fracture to 
rule out damage to the popliteal vessels 
and nerves which may be injured by the 
flexed distal fragment If such damage is 
revealed by the examination operative ex 
ploration IS indicated and if the damage is 
to the vessels it is a matter of urgency 
This examination may conveniently be done 
while the X rays which have been taken m 
the splint are being developed General 
anesthesia may be employed or a low spinal 
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anesthetic is administered or 20 to 40 cc. of 
2 per cent novocaine is injected into the 
hematoma at the fracture site. [See Local 
.Anesthesia Technic, Chapter 22.— Ed.] The 
two latter methods are preferable to general 
anesthesia. 

The patient is placed on a fracture table 
and the first*aid splint removed, while an 
assistant maintains steady manual traction 
on the foot until mechanical traction is ap- 
plied by the table mechanism. If there is 


sule with 1 per cent procaine introduced 
through a 26-gauge needle. An 18- or 20- 
gauge needle attached to the aspiration 
syringe is passed through the anesthetized 
tissue into the joint, taking care not to 
lacerate the cartilage. Aspiration is carried 
out with the least possible motion of the 
needle. Near the end of aspiration, it is 
helpful to have an assistant compress the 
joint with his hands to force the fluid to 
the region of the needle. After removal of 



Fig. 849. (a) Typical deformity in supracondylar fracture produced 
by action of gastrocnemius, (b) Correction of deformity fay traction ap- 


plied to upper tibia and flexion of 

hemarthrosis, as frequently occurs following 
laceration of the suprapatellar pouch, the 
blood is removed by aspiration. 

Aspiration of Knee Joint. Strict atten- 
tion to asepsis is essential, although exten- 
sive skin preparation and draping are im- 
necessary. The joint is most easily entered 
anteriorly, either lateral or medial to the 
patella. The usual site is at the lateral distal 
margin of this bone. An area 2 inches in 
diameter centered o\er the selected point 
is painted with an appropriate skin anti- 
septic. The skin and soft tissues along the 
needle tract are infiltrated down to the cap>- 


knee. 

the needle, momentary massage with an 
alcohol sponge helps close the needle chan- 
nel and prevents leakage with danger of 
infection going down the tract. 

The skin is carefully prepared for inser- 
tion of the Steinmann pin at the level of 
the tibial tubercle. If spinal (or general) 
anesthesia has not been used, the tissues 
from skin to periosteum on both sides of 
the tibia are infiltrated with 1 per cent 
novocaine. A 3/32- or Js-inch stainless-steel 
pin, 6 to 7 inches long, is inserted directly 
through the skin, transverse to the b-tne, at 
the le\-el of the tibial tubercle, one finger- 
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breadth anterior to the fibula The Stein- The small cones of skin nhich ha\e fol- 
mann pin IS preferred to the Kirschnernire lowed the pm at entrance and exit are 
for fixation in plaster The inherent ngidity smoothed out No dressing is used about 
of the pm permits firm skeletal fixation the pinholes \ Bohler t>pe stirrup is at 
without the use of wire tauteners, and it is tached to the pm The manual traction is 
less likely to break under strain than is the non transferred from the foot to the stirrup 



Fig 850 (Top) Position of patient on fracture table for reduction 
of supracondylar fracture 

Fig 851 (Bot/offi) Plaster spica applied for fractures of lower femur 


wire No incision is made and care js taken 
not to pull or displace the skin (See gen- 
eral discussion on use of puis and wires. 
Chapter 22 — Ed ] 

With a small hammer or metal mallet the 
pm IS driven through until it projects an 
equal distance on each side of the bone 


The perineal post of the table is put m 
place so that it rests against the ischium of 
the well side, and the foot o! the well side 
IS fixed firmly to the footpiece of the table 
While a steady pull is maintained in the 
line of the shaft of the femur, the slirrup 
IS elevated until the hip is flexed 30 to 60" 




SUPRACONDYLAR FRACTURES OF FEMUR 1031 


The foot and leg are allowed to hang free, 
the foot dropping into plantar flexion and 
thereby relaxing the calf muscles. The stir- 
rup is then attached by strong cord to the 
elevated footpiece of the table. Jfechanical 
traction is applied in this position until 
shortening is overcome. The freely hanging 
leg usually overcomes the angular deform- 
ity, but occasionally it must be flexed still 
more, or extended slightly (Fig. 850). 
Residual corrections of position are made 
by direct manual molding of the fragments. 
Traction is then reduced slightly to allow 
firm end-to-end abutment of the fragments 
and to guard against distraction. 

The position is checked by anteropos- 
terior and lateral x-rays, or the fluoroscope. 
If satisfactorj' position is shorni, a plaster 
spica is then applied from the costal margin 
to the toes of the affected side as follows: 
The anterior superior spines and the sacrum 
are covered by patches of silence cloth or 
thin felt which are held in place by snugly 
fitting stockinet or a circular layer of flan- 
nel bandage extending from the xiphoid to 
the trochanter. If the bandage is used it 
should be wrapped tightly about the peUis 
in figure-of-eight fashion to compress the 
lax buttocks. A padded roll is snugged to 
the tuberosity of the ischium, similar in 
size, consistencj’, and function to the ring 
of a Thomas splint or walking caliper brace. 
This roll, resting against the tuberosity of 
the ischium and the origin of the adductors, 
transfers the stress of longitudinal muscle 
pull to the pehas. The pad is made by roll- 
ing tightly an 8 by 10 inch piece of silence 
cloth or thin felt about the middle 8 inches 
of a three-foot length of muslin bandage. 
This roll is completely covered by a spiral 
of one-inch adhesive tape which compresses 
it to the size and firmness of a Thomas 
splint roll. It is applied with its center o\er 
the tuberosity of the ischium, the posterior 
end King in the gluteal fold and the an- 
terior end crossing the hip joint. By pulling 
firmly outward and upward on the ends of 
the ^ndage, the pad is fitted snugly be- 


neath the tuberosity and the origin of the 
adductors. 

Circular plaster bandages are applied 
snugly to the trunk and pehis and molded 
about the crests and spines of the ilia. 
Anterior and posterior plaster splints are 
molded to the skin from the toes up over 
the pelvic portion of the plaster. The edges 
of these are clipped opposite the pin to allow 
close fitting. The region of the hip is 
strengthened by four or fi\ e spica -wise 
splints which also support the ischial pad. 
The whole is covered with circular plaster, 
one or two turns of which are looped 
around each end of the pin to fix it firmly 
in the spica. 

While the plaster is setting, an assistant 
should apply constant pressure on both 
sides of the pelvis to mold the plaster to 
the crests of the ilia and the hollows be- 
tween the crests and the trochanter (Fig. 
831). Trimming of the spica is done to 
uncover the upper abdomen and allow free 
motion of the uninjured thigh. 

By this time, the plaster has set suffi- 
ciently for the traction to be released and 
the stirrup remo\ed. The ends of the pins 
are protected by corks (those from ether 
cans are convenient), held in place with one 
or two layers of plaster bandage. The pa- 
tient is then turned on his abdomen and 
trimming of the posterior part of the spica 
carried out. It should be cut to the top of 
the cleft of the buttocks and for about 
2 inches to each side along the cleft to 
facilitate use of the bedpan If trimmed 
too widely o\er the buttock, bulging with 
irritation from the edge of the spica will 
occur. Unless properly tended in the first 
48 hours, these spicas may crack at the hip 
or knee. Therefore, in turning these pa- 
tients, they should be rolled toward the well 
side with adequate support for the limb in 
plaster. Better yet, if enough help is avail- 
able, turning is accomplished by lifting the 
patient straight up, turning him in the air, 
and then laj ing him down. 

Angles at the hip and knee should be 
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supported by pillows After 48 hours of 
drying a properly constructed spica should 
not crack For an adult of average size 
12 to 14 hard surfaced 6 inch bandages are 
sufficient to make a spica which will weigh 
about 12 pounds 

Traction suspension Treatment 
Continuous traction is used when other 
injuries preclude the above procedure, or 
when comminution or obliquity of the frag 
ments makes it seem likely that plaster 



Fig 852 Diagram of modified Russell 
traction used for fractures of condylar 
region 


fixation may not suffice Neither skin trac 
tion nor Russell traction is satisfactory in 
the reduction oi these fractures and their 
use IS not recommended The patient in his 
emergency splinting is placed on a prepared 
fracture bed with overhead frame Anes 
thesia IS obtained preferably by the injec 
tion of 30 or 40 cc of 2 per cent novocame 
into the hematoma about the fracture site 
The first aid splint is removed and while 
manual traction is maintained, a stainless 
steel pin 6 or 7 inches long is driven through 
the tibia at the level of the tubercle 
under local anesthesia as described above 
under reduction and fixation in plaster The 
Bohler stirrup iMth a pulley attached is ap 
plied to the pm A well padded canvas slmg 


8 by 24 inches is passed under the knee 
The ends of this slmg are tied to a long 
traction cope This rope passes through a 
pulley on the overhead frame on a level with 
the patients pelvis then to one 2^2 to 3 
feet directly above the foot of the bed then 
to the pulley on the stirrup and back to 
another pulley alongside of the one IV 2 to 3 
feet above the foot of the bed A weight of 
IS to 20 pounds is suspended from this rope 
(Fig 852) The apparatus is adjusted by 
raising or lowering the pulleys at the foot 
of the bed and moving the pulley over the 
pelvis forward or bad ward so that the knee 
IS lifted and is flexed at least 45° and the 
heel just clears the bed A wide strip of 
adhesive is accurately molded to the sole 
of the foot and attached by a rope running 
through a pulley at the top of the frame 
to a light weight which should be just suffi 
cient to hold the heel off the bed and to 
prevent excess tee drop It must not be 
heavy enough to stretch the calf muscles 
The foot of the bed is raised 12 inches on 
blocks to increase the counter traction af 
forded by friction and the weight of the 
body Fig 852 shows the similarity of this 
type of traction to ordinary Russell trac 
tion The following differences are appar 
ent (1) Skeletal traction is applied to the 
upper tibia (2) the line of pull on the 
slmg IS considerably cephalad, rather than 
slightly caudad and (3) the resultant of 
the lines of force is almost vertical The 
slmg is necessary not only to support the 
knee but to lift the distal fragment into 
proper alignment Raising or lowering the 
foot IS possible and permits change in the 
angulation of the distal fragment 
Anteroposterior and lateral x rays are 
taken or a fluoroscopic check is made every 
few hours and the apparatus adjusted until 
correct position has been obtained The 
amount of weight is then reduced about 
one half As is the case with most fractures 
reduction should be obtained at the earliest 
possible moment For this reason it is 
better to use a large amount of weight early 
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and reduce it later, than to keep adding 
weights over a period of days. Traction- 
suspension is maintained until the end of 
three or four weeks, by which time healing 
of oblique or comminuted fractures has 
usually progressed enough so that a spica 
may be applied. If plaster fixation has been 
delayed on account of other injuries, the 
spica may be applied whenever these in- 
juries permit. The patient is transferred as 
gently as possible to the fracture table with- 
out changing the relative positions of the 
leg, thigh, and body. A plaster spica is 
applied as described above. 

Open Reduction and Fixation 

WTien the above procedures fail to secure 
good position of the fragments, open ex- 
posure and direct reduction are indicated. 
High supracondylar fractures may be ap- 
proached by the same route as is used for 
fractures of the shaft of the femur; viz., an 
anterolateral incision which separates the 
vastus lateralis from the rectus and which 
splits the vastus iniermedius. However, this 
incision necessarily stops short of the upper 
margin of the patella and does not give good 
exposure of a short distal fragment. A belter 
exposure for the low fracture is obtained 
b}’ a lateral incision upward from the level 
of the joint line over the lateral condyle 
for about six inches. This incision splits the 
fascia lata and vastus lateralis and exposes 
the condyle well. 

If closed reduction on the fracture table 
has failed, open reduction should be carried 
out at the same sitting without changing the 
patient’s position if possible. If traction- 
suspension has been tried, the patient is 
transferred to a fracture table and strong 
traction is applied by means of the pin 
through the tibia with the hip and knee 
flexed as described above. No tourniquet is 
used. 

After the requisite careful preparation of 
the skin, the extremity is draped for opera- 
tion, paying particular attention to fully 
covering the traction pin and stirrup which 


are necessarily near the field. If the stirrup 
has not been previously sterilized and kept 
sterile, it is well to cover it with one or 
two layers of towels wrung out in bichloride 
of mercurj' 1 :4,000, or a similar germicide, 
before applying the final drapes. A 6- or 
7-mch Incision is made on the thigh from 
the joint line up over the lateral condyle. 
Towels are carefully clipped to the wound 
edges and the customary careful ritual of 
bone surgery’ carried out from then on. The 
fascia lata and lower posterior portion of 
the vastus lateralis are generously split in 
the direction of their fibers and the soft 
tissues are gently cleaned from both frag- 
ments in front and behind sufficiently to 
give a clear view’ of them. \\Tjen good ex- 
posure of the fracture has been obtained, 
the need for more traction is often evident. 
This is easily obtained from the mechanical- 
traction element of the table, and assists 
the operator in his application of direct 
instrumental manipulation to the fragments. 

^^^len good position has been obtained by 
this combined method, the traction is de- 
creased to allow firm abutment of the frag- 
ments. In most cases, they will remain 
firmly in position Rarely will comminution 
or smooth obliquity of the fracture surfaces 
necessitate internal fixation if the pin 
through the tibia is used, and it is often 
difficult to fix a plate to the short distal 
fragment without endangering future func- 
tion of the knee. Stainless-steel wire passed 
through the fragments is probably the 
method of choice if any form of internal 
fixation is used. The direction of these su- 
tures is determined by the plane of the 
fracture surface. If the fracture is suffi- 
ciently oblique, two or more screws may 
be inserted across the fracture plane. An 
unusually long distal fragment may, of 
course, permit a metal plate to be applied 
without encroaching upon the joint. 

The wound is closed in layers with fine 
interrupted silk sutures and sealed with a 
thin layer of silver foil. A light dressing is 
taped in place and a plaster spica applied 
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as described heretofore without changing 
the position of the limb The interrupted 
silk skin sutures need not be removed until 
the spica comes off [See also Chapter 36 
for treatment of this fracture —Ed } 

In suitable cases, where study of the 
X rays would seem to indicate that good 
rigid internal fixation can be accomplished, 
the plaster may be omitted if sudi rigid 
fixation IS accomplished In this case, post 
operative active mobilization in a balanced 
suspension apparatus is logical However 


ployed in treatment of T and Y fractures 
are the same as those employed for supra 
condylar injury in restoring the relationship 
of the condyles to the shaft In addition 
the following measures must be taken to 
replace the condyles m relation to each 
other and to the knee joint 

Reduction and Fixation in Plaster 
The patient is placed on the fracture table 
and the procedure described above for re 
duction and fixation of supracondylar frac- 



Fig 8S3 (a) Mechanism of T and Y Fio 854 (a) Fixation of T and Y fractures by 
fractures of femur (b) Mechanism of nails (b) Fixation by a transcondylar bolt 
reduction of T and \ fractures by trac 
tion and compression 


this should not be used unless all the con 
ditions laid down in ftie general section on 
operative reduction are strictly met (See 
Chapter 22 -Ed ] 

T AND Y FRACTURES OF 
FEMORAL CONDYLES 
In these fractures, m addition to the 
supracondylar break, there are one or more 
vertical fracture lines into the joint, often 
with more or less comminution As a result 
of the fracturing force or muscle pull, the 
distal end of the femoral shaft may be 
driven between or over the condylar frag 
ments into the joint (Fig 853 A) The 
principles involved and the methods em 


tures IS earned out After the gross displace 
meat feis \>een corrected by traction and 
manual manipulation, a Scudder or For- 
rester modification of the carpenters C 
damp IS used to mold the condyles into 
proper position This clamp has large, 
padded faces which are curved to fit the 
condyles, and it is applied over a layer of 
felt The faces are applied to the sides of 
the knee in a position appropnate for mold 
mg the displaced fragments 
The clamp is then tightened slowly until 
the fragments can be felt to move into posi 
tion (Fig 8S3 B) It is important that the 
pressure should be maintained for only a 
few seconds at a time, in order to avoid 


T AND Y FRACTURES 


1035 


injury to the soft tissues. Placing the damp 
on the uninjured knee and measuring the 
distance between the faces is a convenient 
way to determine that sufficient replace- 
ment has been accomplished. 

Anteroposterior and lateral s-raj's are 
taken. If these show satisfactorj’ position, 
a spica incorporating the traction pin is ap- 
plied from the costal margin to the toes, as 
described for simple supracondylar frac- 
ture. 

Traction-suspension Treatment 
As an alternate method, continuous trac- 
tion-suspension may be carried out. The 


The shaved skin about the knee is prepared 
in the usual careful manner for surgical 
operation. Sterile drapes are applied with 
espedal attention to covering the traction 
stirrup and pin which are necessarily near 
the field of operation. One or more towels 
soaked in bichloride of mercurj’ 1 :4,000 
are snugly clipped just below the knee to 
completely cover the traction equipment. A 
S- or 6-inch longitudinal incision is made 
on the lateral side of the thigh, e.xtending 
upward from the joint line. The fascia and 
vastus lateralis are split to the bone in the 
direction of their fibers. Exposure of the 
condyles and fracture site is obtained by 



one condyle, (b) Replacement by forcing knee into varus 
so that lateral ligament draws condyle downward, (c) 
Fixation oi condyle by naib or screws. 


procedure is similar to that employed in the 
traction-suspension treatment of supracon- 
dylar fractures, but, in addition, the C 
damp is used as described above, in order 
to replace and impact the condyles with due 
protection of the soft parts. 

Open Reduction and Fixation 
If the x-ray check-up does not show satis- 
factory replacement of the condyles by the 
use of either of the preceding methods, open 
reduction and fixation is necessary’. This 
is carried out immediately, if possible, with- 
out changing the patient’s position on the 
table if maninulative reduction has failed. 


stripping the soft tissues from the bone and 
retracting. 

The fragments are levered into position 
under direct vision and, if necessary, pal- 
pation. Two or three vitallium or stainless- 
steel nails at different angles are used to 
transfix the condyles to prevent subsequent 
spreading (Fig. 8S4 A). alternate method 
is to pass a long drill across the condyles 
to the medial side where a stab nound is 
made m’er the point of emergence of the 
drill. A 3/32- or ^^-inch stainless-steel bolt 
is threaded through the drill hole from the 
medial side as the drill is removed. A long 
Sherman screw with a washer and nut 
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makes an effective bolt Another substitute 
for a bolt is a long threaded Austin Moore 
hip nail which has had the unthreaded por 
tion clipped off A nut is used on each end 
of this The condyles are pressed together 
as the nut is tightened laterally The excess 
bol' IS clipped off and the lateral wound 
closed in layers with fine silk (Fig 8S4 B) 
One or two skin sutures suffice for the small 
medial wound Both wounds are sealed with 
silver foil and thin dressings applied A 
spica is applied incorporating the tibial 
traction nail as previously described 

FRACTURE OF A SINGLE CONDYLE 
This fracture is commonly due to lever 
age exerted in such a manner that the knee 
is forced into valgus or varus splitting off 
the lateral or medial condyle The separated 
condyle is usually displaced ptoximally 
(Fig 855 A) The principle of replacement 
is to use the intact collateral ligament to 
draw the displaced condyle downward by 
forcing the knee into varus for fractures of 
the lateral condyle and into valgus for those 
of the medial condyle 

Reduction and Fixation in Plaster 
Under low spinal anesthesia by prefer 
ence otherwise under general anesthesia 
the patient is placed on the fracture table 
and the first aid splint removed The knee 
IS examined to determine that the collateral 
ligaments are intact If thej are tom frac 
tion should not be applied The perineal 
post IS put in place and the feet attached 
firmly to the footpieces of the table Only 
enough traction is applied to steady the 
patient on the table The knee is aspirated 
(see p 1029) to empty it of the large efiu 
sion of blood which is common to these frac 
tures A wide muslin or flannel bandage is 
passed around the knee Firm traction is 
made by an assistant on this bandage in a 
lateral direction if the lateral condyle is 
fractured or in a medial direction if the 
medial condjle is fractured This traction 
throws the knee into \aru5 or valgus in 


creasing tension on the lateral or medial 
ligaments respectively and pulling the con 
dyle downward (Fig 855 B) Residual 
molding IS carried out manually and the 
condyles pressed firmly together with the 
C clamp A plaster spica is then applied as 
previously described the varus or valgus 
position being carefully maintained until 
the plaster has set 

Open Reduction and Fixation 
If this maneuver does not succeed in re 
placing (he fragments or if the collateral 
ligaments are torn open fixation is earned 
out The approach to the lateral condyle is 
the same as that described above for T and 
y fractures The approach to the medial 
condyle is by a 4 or 5 inch incision upward 
from the joint line over the internal con 
dyle The vastus lateralis or medialis is 
split and the dissection carried close to the 
bone until the fragment is well exposed 
The condyle is replaced in correct position 
under vision and fixed with two or three 
vitallium or stainless steel nails (Fig 855 
C) The wound is closed as before and a 
plaster spica applied 

AFTER CARE OF SUPRACONDYLAR 
AND CONDYLAR FRACTURES 

After the plaster has set young muscular 
patients or even elderly ones with sufficient 
ambition may be allowed up on crutches 
If the flexion of the knee is not too great 
a walking heel is applied to the spica The 
type of spica described is light enough so 
that it IS not a great burden If the patient 
IS not ambulatory on account of weakness 
or other injury muscle setting exercises 
are insisted upon These should be carried 
out IS or 20 limes at least three times a 
day and should include contraction of the 
quadriceps and flexion and extension of the 
toes 

If the patient is ambulatory even the 
joint capsule and synovia enjoy painless 
motion notwithstanding the fact that the 
bones making up the joint do not move to 
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any perceptible degree. This is clearly evi- 
dent from an analysis of the muscular 
attachments to the capsule of the knee. The 
quadriceps tendon, ^hich is inserted into 
the patella and through it to the patellar 
tendon, forms the anterior ligament of the 
Joint capsule. Tendinous expansions from 
the vasti and the iliotibial band form the 
medial and lateral retinacula which fill in 
the intervals between the anterior and col- 
lateral ligaments of the capsule. Posterior 
to the collateral ligaments are expansions 
from the sartorius and semimembranosus to 
the capsule on the tibial side. A few fibers 
from the latter muscle join with the tibial 
collateral ligament. Posteriorly and later- 
ally the gastrocnemius and popliteus arise 
in part from the capsule and its oblique 
popliteal ligament. The tendon of the biceps 
femoris divides to embrace the fibular col- 
lateral ligament 

The capsule of the knee is thus made up 
or acted upon in its entirety by muscle 
origins or insertions. Contraction of the 
quadriceps causes slight sliding of the pa- 
tella and motion of the entire anterior 
synovia by means of the retinacula. Pos- 
teriorly and on the sides, the other muscles 
noted may be made to repeatedly tense and 
relax the capsule, thus preventing gluing 
together of the synovia and the capsular 
fasciae. 

At the end of four weeks from the time of 
injurj’, the pin may be removed from the 
tibia. This is done by cutting out a disk 
of plaster 2 inches in diameter about each 
end of the pin. The uncovered pin end and 
skin on one side is cleaned and an anti- 
septic applied. «s extremely important 
that all crusts, plaster, etc., be removed 
from the pin and the surrounding skin to 
prevent drawing such foreign bodies into 
the pin tract. Tincture of iodine, merthi- 
olale, or mercresin are suitable antiseptics 
for the skin and pin. The other end of the 
pin is then grasped mth ordinarj’ pliers, 
and the pin pulled out. It has been our 
custom to inject 2 or 3 cc. of 3 per cent 


tincture of iodine through the pin tract. 
This seems to hasten healing. Light dress- 
ings are applied and the areas recovered 
with plaster. 

At the end of fight orjen weeks, depend- 
ing upon the age of the patient and the 
progress of healing as shown by x-ray, the 
spica is removed. The older patients require 
the longer period of immobilization. Exer- 
cises for ankle, knee, and hip as uell as heat 
and massage are instituted at this time. As 
soon as extension of the knee is possible, 
which is after a few days if adequate exer- 
cise has been taken in the spica, a Thomas 
walking caliper splint is fitted. This should 
be worn for an additional six to eight weeks. 
WTien hospitalization is not a factor, and 
when firm internal fixation has been ob- 
tained by operative means, it is sometimes 
possible to dispense with the spica. In this 
case, the limb is suspended from a fracture 
frame in a Thomas splint with Pearson 
attachment. This method permits very early 
active and passive motion of the joint. It 
does, however, require longer hospitaliza- 
tion, and the end-result, as to function, is 
not superior to that obtained by the plaster 
technic, if adequate exercise has been taken 
in the spica. The claim is made that open 
reduction, followed by early active mobili- 
zation in balanced suspension, secures more 
rapid return of function and therefore re- 
sults in shorter disability time, although the 
degree of function finally regained may be 
the same as that attained in the immobilized 
cases. 

Fractures with hemarthrosis — i.e., those 
which involve the joint, such as T and Y 
fractures — show a relatively slower return 
of function and a greater degree of impair- 
ment than do those which do not involve 
the joint, even when perfect anatomic posi- 
tion has been obtained. The older the pa- 
tient, the more marked is the delay in 
recoverj'. 

As in all fractures, the extent and length 
of disability depends upon a number of fac- 
tors, including (1) the age of the patient, 
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(2) the seventy of the fracture (3) the 
accuracy of reduction and (4) the involve 
ment of the joint Roughly one may say 
that in these cases light work should be 
possible in not less than four months or 
more than six months and heavy worl in 
SIX months to a year 

SEPARATION OF LOWER 
EPIPHYSIS or TEMUR 
The deformity m this injury is usually 
anterior displacement of the distal frag 
ment The distal end of the shaft projects 



Fio 856 Typical displacement 
in separation of lower femoral epi 
physis and forces required for re 
duction 

into the popliteal space and may cause 
severe damage to structures in that space 
Examination will reveal whether or not 
this damage requires surgery Immediate 
reduction is imperative The method em 
ployed IS traction plus flexion the me 
chanics of which are similar to those 
employed m transcondylar extension frac 
tures of the humerus (Fig 856) 

Closed Reduction and Fixation 
Low spinal anesthesia gives the best re 
laxation of muscles but general anesthesia 
can be used For convenience in obtaining 
counter traction the patient is placed on the 
fracture table with the perineal post in 
place and the well foot fixed to the foot 
piece With the injured knee flexed about 
45®, the operator applies strong manual 
traction to the flexed leg while an assistant 


supplies lifting support under the thigh As 
the muscles relax under traction flexion of 
the knee is increased to an angle of 90® or 
beyond A soft crunching sensation accom 
panics reduction X ray or fluoroscopic 
check up IS made and if reduction is com 
plete a plaster spica is applied in 45 to 90® 
flexion of the knee the angle chosen being 
the minimal one at which reduction can be 
mamtamed 

This simple maneuver may not suffice m 
cases more than a few hours old In such 
cases a pm or wire is passed through the 
upper tibn and traction applied m flexion 
on a fracture table as described for supra 
condylar fractures Further flexion of the 
knee under strong traction will then usu 
ally replace the fragments 

Open Reduction and Fixation 

When the injury is several days old the 
fragments may have already stuck In 
tins case open operation is earned out 
forthwith on the fracture table without de 
creasing the traction as soon as it is evident 
that manipulation with pm or wire traction 
will be unsuccessful because of the great 
danger of operative surgery to the epi 
ph>scal line open reduction is indicated 
only after adequate attempts at closed re 
duclion have failed A generous lateral 
incision IS made as for exposure of T and Y 
fractures Smooth long finger retractors 
of the type used for McBurney appendiceal 
incisions are applied one in front of the 
distal fragment the other behind the prox 
imal fragment Gentle pull in opposite 
directions on these retractors while strong 
traction is maintained will slide the frag 
ments by each other with a minimum of 
trauma to the epiphyseal tissues Care 
should be taken that no rotary or lateral 
displacement occurs during this maneuver 
\o instrument should be passed between 
the fragments to lever them into place as 
this will damage the ep physis and predis 
pose to early fusion and cessation of growth 
For the same reason no internal fixation 
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is used. Traction is reduced somewhat to 
allow the fragments to press tightly to- 
gether, the wound is closed in layers as 
previously described, and a plaster spica 
applied in flexion, including the pin or wire. 

At the end of lour weeks the plaster and 
the wire may be removed and motion of the 
knee begun. Crutches may be used after six 
weeks and unaided weight-bearing started 
at the end of eight to ten weeks. 

Although growth disturbance does not 
ordinarily follow carefully performed closed 
reduction in fresh cases, its incidence is 
sufficient, particularly in the delayed or 
operative cases, to require semi-annual x-ray 
examinations for several years, so that ap- 
propriate corrective measures may be insti- 
tuted early. 

[The implication that growth disturb- 
ance after carefully performed dosed re- 
ductions on fresh cases of separation of the 
lower femoral epiphysis is unusual will not 
be concurred in by many. The consensus 
would seem to be that 30 per cent show 
such growth disturbance after closed re- 
duction, and a considerably higher percent- 
age after open reduction. The feeling in 
general would seem to be, in this as in other 
epiphyseal separations, that operative re- 
duction should certainly be avoided if pos- 
sible. It is generally felt that both operative 
reduction and repeated attempts at closed 
reduction are unjustified if 50 to 60 per cent 
apposition of the surfaces can be attained 
by the first two attempts, provided the epi- 
pfij-sis is more than three 3 'ears from time 
of expected closure. Growth correction of 
deformity is marked in thwe cases if the 
epiphj-sis is viable, and in the event that 
growth disturbance occurs, or that deform- 
ity is not corapletelj’’ corrected, an osteotomy 
after closure of the epiphj'sis will take care 
of the situation. See discussion of epiph>-seal 
injuries. Chapter 22.— Ed.] 

FRACTURES OF PATELLA 
The patella is a sesamoid bone in the 
extensor tendon of the knee. The principles 


of treatment of fractures of this bone are 
concerned with the integrity of the extensor 
apparatus of the knee. From a mechanical 
and functional standpoint, the problem is 
that of repair of a ruptured tendon rather 
than reduction of a broken bone. Fractures 
without separation of the fragments, that is 
without rupture of the extensor apparatus, 
require little more treatment than relaxa- 
tion and test of this mechanism. Those with 
separation require operative repair of the 
extensor apparatus. 

Fractures Without Separation of 
Fragments 

There is usually considerable effusion of 
blood into the joint in these fractures. This 
blood is removed as completely as possible 
by aspiration. Two or three large, firm rub- 
ber sponges are then snugly fixed over the 
e-xtended joint with elastic bandage to pre- 
vent reaccumulation of blood. A 2 -inch strip 
of moleskin adhesive is applied from the 
knee to the lower third of the leg, one 
laterally and one medially, leaving about 
8 inches of free adhesive at the lower end. 
A single snug layer of cotton sheet wadding 
is applied from the lower third of the leg 
to the groin. A circular plaster-of-paris en- 
casement is applied over the sheet wadding. 
The free ends of the adhesive are turned up 
over the lower end of the encasement and 
secured with another laj er or two of plaster 
bandage. This adhesive will prevent slip- 
ping of the plaster when the patient is 
allowed up. Rest in bed is advisable for 
aboutjen days in order to relieve all strain 
on the quadriceps group. Extension of the 
knee is maintained by the plaster and fur- 
ther relaxation of the extensors is obtained 
by elevation of the extremity to about 30“ 
so that the thigh in its plaster encasement 
is flexed on the pelvis. 

After ten days, the patient may be ambu- 
latory in the plaster, with weight-bearing 
allowed. This protection should be main- 
tained for about three weeks from the time 
of injuiy. It is then replaced bi’ an elastic 



FRACTURES AND DISLOCATIONS 


1040 

support and active motion of the joint is 
started 

Passive motion is not indicated but other 
physiotherapeutic measures such as mas 
sage whirlpool baths and various fonns of 
heat may be useful Weight may be borne 
on the extremity as soon as the patient is 
up but crutches should be used to protect 
them against mishap such as sudden un 
guarded flexion The crutches and elastic 
support should be discarded at about the 


should be performed as early as possible 
General or low spinal anesthesia is admin 
istered Operation without a tourniquet is 
to be preferred If a tourniquet is used it 
should be loosened before the wound is 
closed so that exact hemostasis may be 
obtained A generous transverse incision 
is made over the gap between the frag 
ments extending well around the sides of 
the knee so that adequate exposure of the 
tom vasti may be obtained The skin edges 



F:o 857 {Left and Center) (a) Insertion of braided silk sutures in lateral expans ons 
for fractures of patella Notice that these sutures are clo«e to bone and do not include 
synovia (b) Suture completed with C silk in anterior capsule and lateral expansions 
These should also be mattress sutures 

Fig 858 {Right) Suture of patelbr tendon to bone after excision of d stal fragment or 
fragments as suggested by Thomson 


sixth week after injury Light work may be 
begun at this time and heavy work, is usu 
ally possible by the twelfth week 

Fractures with Separation or 
Fragments 

Many of these fractures particularly 
those of dashboard origin are compli 
cated by lacerations of the overlying skin 
which may extend into the fracture site and 
the joint These must be considered sepa 
rately 

Fractures Without Injury to Overly 
mg Skin Like all open reductions of frac 
tures operations for fracture of the patella 


are completely covered by pads or towels 
clipped to the wound edges by skin clips 
The fascia is then incised on both sides to 
expose the tears in the lateral expansions 
Loose pieces of bone are removed and dis 
carded Liquid and clotted blood is care 
fully removed from the joint by suction and 
irrigation with normal saline The joint 
cavity is inspected for bony fragments The 
shredded edges of the torn anterior capsule 
are trimmed close to the fracture edges to 
prevent interposition between the frag 
ments \ strong braided silk mattress su 
ture Champion ho 12 is inserted m the 
lateral expansion of the tendon on each 
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side, closely hugging the bone (Fig. 857 A). 
This suture includes only the tendinous 
structures and not the sjTiovia and does not 
enter the joint. The fragments are held ac- 
curately approximated by hooks or tenacu- 
lum forceps and the mattress sutures tied. 
The lateral tears and the anterior caffeule 
are approximated vrith interrupted C silk 
sutures laid 0.5 cm. apart (Fig. 857 B). 

If, as frequently happens, the distal por- 
tion of the patella is badly fragmented, it 
may be removed and the patellar tendon 
approximated to the large proximal frag- 
ment by braided-silk sutures, Champion 
No. 12, extending through drill holes m 
the bone (Fig. 858), as recommended by 
Thomson. These drill holes pass from the 
fractured surface just anterior to the car- 
tilage to the upper anterior surface of the 
patella. On a fern occasions when the whole 
bone was reduced to a number of small 
fragments, we have removed them all and 
sutured the quadriceps to the patellar ten- 
don with heavy silk, Champion No. 12 
(Brooke). In either case, the lateral expan- 
sions are also carefully repaired with fine 
silk. The fascia and skin are closed with 
A silk, and sterile dressings are applied. 
Over these is placed a large pressure dress- 
ing of sheet wadding from the midthigh to 
the midleg, held with elastic bandage. The 
extremity is elevated in bed for from 48 to 
72 hours. After this time actire motion is 
encouraged to the limit allowed by the 
dressing. The skin sutures are removed at 
the end of a v,eek, and the patient allowed 
up on crutches at the end of two weeks 
with a pressure dressing or elastic support 
to pre%'ent extreme flexion. This support is 
discarded at the end of the sixth week. 

Crutches may be discarded by the eighth 
week. Except for passive motion, the usual 
physiotherapeutic measures are useful. 
Light work is usually possible by the tenth 
or twelfth week, and hea\y work by the 
end of the fourth or fifth month. 

Many surgeons add direct suture of the 
fragments by wire, silk, or heary chrome 


to the repair of the tendinous structures. 
The method of Magnuson* using 22-gauge 
stainless-steel wire prevents gaping of the 
arucular portion of the fracture which may 
follow anterior wiring. Circumferential wir- 
ing has been folloned by necrosis of the 
patella, I see no advantages in the method 
of Ober. [Ober's procedure entails expo- 
sure of the fracture site as here described, 
with the lower end of the rectus femoris 
tendon well exposed. A flap of the super- 
ficial half of this tendon is outlined, extend- 
ing upward from a base at the superior 
border of the patella. It should be about 
one and one-half inches longer than the 
patella and about three-quarters of an inch 
wide. It is dissected free and split longi- 
tudinally to make two tendinous strips at- 
tached to the upper border of the patella. 
Two large drill holes are then placed longi- 
tudinally from the upper border of the 
reduced patella to the lower border through 
both fragments, one on either side of the 
midlioe of the patella. The strips of tendon 
are then threaded through these holes and 
pulled taut at the lo«er openings, crossed 
over one another, and sutured to one an- 
other and to the adjacent aponeurosis on 
eilhec side of the patella. The tears in the 
medial and lateral e.xpansions are repaired 
as well. 

Complete excision of the patella for all 
fractures showing separation of the frag- 
ments is recommended and used by a num- 
ber of men in this country and abroad. The 
procedure is done through a longitudinal 
midline or parapatellar incision, the rectus 
tendon being sutured after removal with a 
little overlap if quite lax. The advantages 
claimed are earlier resumption of active 
motion, shorter convalescence, no residual 
disability, and freedom from risk of subse- 
quent arthritic difficulty secondary to irreg- 
ularity in the under surface of the patella, 
and degenerative changes in its articular 
cartilage. — Ed.J 

•Sec Fig. 214, p. 275, Sragnuson’s Fracturej, 
4th ed , Philadelphia, J. B. Lippincott Co. 
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Fractures with Superficial Lacera- 
tions or Abrasions Even the slightest 
laceration or abrasion over the knee tremen 
dously increases the danger of infection if 
operative treatment is earned out If seen 
in the stage of contamination before pro 
liferation and the penetration of bactena 
into the tissues have occurred immediate 
emergency operation is indicated Abrasions 
should be thoroughly but gently scrubbed 
wi h soap and water and thoroughly dis- 


Fractures with Extensive Laceration 
and Compound Fractures These cases re 
quire immediate emergency surgery to pre 
vent infection The object is to convert the 
contaminated wound into a clean wound 
before infection occurs Careful atten 
tion to details will insure success Under 
adequate anesthesia preferably spinal the 
extremity is thoroughly scrubbed with ster 
lie green soap and water from midthigh 
to midcalf The operator should be capped 



Flo S59 Drainage pan for debridement devised 
by Henry Marble of Boston This is a metal pan 
8" X 18" by 2^" deep with a removable nie»h 
hardware cloth top Sterilized pan is placed beneath 
wound Irrigating fluid is caught by pan and con 
ducted through spout and tube to bucket on floor 


infected Lacerations should be cleaned, 
excised, and thoroughly irrigated before 
proceeding with operation as above If the 
injury is excessively dirty or is over eight 
hours old, operation is contraindicated until 
the wounds have completely healed and epi 
thelialized This restriction holds true even 
for the most minor lacerations or abrasions 
In this case, the extremity is fixed in exten 
sion as for nonoperative treatment A win 
dow IS made in the plaster for the treatment 
of wounds Operation must be dejerred until 
all scabs are og and epilhehalizalion ts com 
plete Surgery is then carried out as for a 
fresh closed fracture 


and masked and should wear sterile gIo%es 
for this part of the procedure as for the 
operation proper A sterile scrub brush and 
repeated changes of soapy sponges are used 
Scrubbing should be done centrifugally 
from the wound taking care that no dirty 
washing fluid contaminates the wound This 
can be accomplished by plugging the wound 
superficially with sterile gauze However 
thorough cleansing of the skin right up to 
the wound edges must be done and thor 
ougb irrigating of the laceration with green 
soap and water is indicated in dirty wounds 
This stage of cleansing requires at least ten 
minutes by the clock to be effective (Man> 
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men dislike the use of a brush because of 
possible skin trauma and prefer to use gauze 
sponges altogether. — Ed.] 

Without remoting the last soapsuds, the 
field is centrifugally shaved U’ith a sterile 
razor. Excess soap is removed with sterile 
water and the skin is then scrubbed with 
three changes o! ether sponges. Any good 
antiseptic may, if desired, be painted or 
sprayed on the skin, but not into the wound. 
The field is draped for surgery after gown 
and glo\es have been changed. The further 
debridement and cleansing of the wound is 
carried out under a constant stream of 
sterile saline, 5,000 to 6,000 cc. of which 
will be used. It is well to make provision 
for this fluid by placing a Kelly pad under 
the held or by using the pan described by 
JIarble (Fig. 859). This is a galvanized iron 
pan 8 by 18 inches by 2J4 inches deep with 
a removable J^-inch mesh hardware cloth 
top, A rubber tube may be attached to a 
spout at one end of the pan to carcj* irti* 
gating fluid into a bucket below the table. 
This sterile pan is placed directly beneath 
the e.xtremity so that all fluid from the 
wound is caught in the pan and does not 
soak the drapes and patient. The nozzle of 
the irrigating hose is placed in the depths 
of the wound (if the joint is open, deep into 
the joint beneath the fragments) and a con- 
stant flow of fluid maintained upward and 
outward from the depths of the wound. This 
detail is important. 

Excision is then commenced. The lacera- 
tion is circumscribed by an incision 5 mm. 
from its border. This is carried through 
skin, fat, and fascia to the extensor apo- 
neurosis, excising the wound en bloc. Frag- 
ments of soiled or contused tissue are care- 
fully excised with the knife, as are loosened 
fragments of bone. Tom shreds of aponeu- 
rotic tissue are floated up by the saline, 
making their recognition and remomi easy 
to carry out. All floating shreds are re- 
mo%ed, since they have been deprived of 
blood supply. This procedure must be car- 
ried out most thoroughly and carefully. 


1043 

removing all devitalized tissue, dirt, and 
doL 

WTien the operator is thoroughly satisfied 
that be has rendered the wound as free 
from bacteria, dirt, and injured tissue as 
poKible, the question of repair comes up. 
If the wound is less than six or eight hours 
old, has been transported without contam- 
ination and is not excessively dirty, pri- 
mary repair ma)* be carried out as for the 
dosed fracture. Instruments, gowns, gloves, 
and drapes should again be changed before 
this stage of the operation is done. It is 
advisable to dust the joint and the wound 
surfaces with S Gm. of sulfanilamide crys- 
tals before closure. [See Compound Frac- 
tures, Chapter 22.— Ed.] 

If, in the judgment of the surgeon, the 
wound is too old, is too contaminated or is 
one in which adequate cleansing has been 
impossible, repair of the extensor apparatus 
is deferred. In this case, only the skin is 
closed with interrupted fine silk, and treat- 
ment is carried out as described above for 
fractures without separation (Bohler). 

Three or four weeks later, when the 
wound has completely healed and the skin 
is normal, operative repair of the extensor 
apparatus is done. 

In neglected compound fractures seen 12 
hours or more after injury, or those sO soiled 
that adequate cleansing is impossible, the 
procedure recommended by Campbell is 
useful. Debridement is not done in cases 
seen 24 hours or more after the aeddent 
and in which the clinical signs of infection 
ace present, as distinct from contamination. 
Xo closure is used except the loose approxi- 
mation by a towel clip on either side of 
the patella. The bone fragments are approx- 
imated b\' manual external pressure and 
large towel clips are inserted through the 
skin above and below the nound on each 
side of the patella. The points of these clips 
engage the fragments or the lateral apo- 
neurosis close to the bone. When closed, 
th^’ prevent wide separation of the frag- 
ments but allow adequate drainage of the 
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^^ound Secondary repair is earned out at a 
later safe date At this time all star tissue 
IS excised from between the fragments and 
the operation completed as for pnmary 
closed fractures 

Ruptures of Extensor Apparatus 
Avulsion of Tibial Tubercle This in 
jury usually occurs in adolescents as the 
result of sudden excessive quadriceps con 
traction If displacement is slight immo 



Fic 860 (a) Fracture of lateral con 
dyle due to force exerted against lateral 
side of htiee as by an automobile 
bumper (b) Reduction by forang knee 
into varus (c) Fixation by bolt through 
condyles 

bilization for four to six weeks in a walking 
circular plaster (knee extended) will suffice 
This plaster is similar to that described for 
the closed treatment of fracture of a tibial 
condyle 

Cases with displacement require open fix 
ation A transverse incision 3 inches long 
IS made over the tubercle The patellar ten 
don and tubercle are exposed as is the crest 
of the tibia A transverse drill hole is made 
through the crest just below the tubercle 
and a braided silk suture passed through 
this hole and the tendon As the suture is 
tightened theavulsed fragment is fitted into 
its place The wound is closed and plaster 
applied as for the closed treatment or 
active mobilization carried out as following 
the suture of fracture of the patella If the 


plaster is used crutches are discarded as 
soon as the patient has enough self con 
fidence to dispense with them Otherwise 
their protection is necessary to prevent mis 
haps such as sudden unguarded flexion In 
either case since only the extensor and not 
the weight bearing apparatus is involved 
the patient may bear some weight from the 
first and should be bearing full weight by 
five or six weeks Physiotherapy is useful 
during this period and until full function 
IS regained Since these patients are usually 
in the younger age group full work is per 
missible at about eight weeks 

FRACTURES OF CONDYLES 
OF TIBIA 

Fracture of One Condyee 
Fractures of a single condyle are usually 
due to forced varus or valgus of the knee 
as from an automobile bumper striking the 
lateral aspect of a knee (Fig 860 A) In 
this case if the medial collateral ligament 
does not tear the lateral condyle of the 
femur is forced against the lateral tibial 
plateau crushing it downward and out 
ward It may separate as a single fragment 
but more often it is comminuted and im 
pacted Prognosis and treatment depend 
upon the degree of malalignment of the 
tibial plateaus Cases with no spreading 
and }i inch or less depression of the con 
dyle require only aspiration of the knee 
a pressure dressing and abstinence from 
weight bearing for from six to eight weeks 
The patient may be up on crutches with 
out weight bearing after the first few days 
and may begin to bear some weight after 
SIX to eight weeks but unaided weight 
bearing should not be permitted for about 
12 weeks Heat and massage are useful 
during this period An elastic support for 
the first few weeks will usually prevent the 
re accumulation of fluid but if this occurs 
the joint should be aspirated Light work 
may be started at the end of the third or 
fourth month, and heavy work by the sixth 
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ntonth. Those with displacement of one- 
quarter to three-eighths of an inch require 
more active treatment. 

(Many men use as their criterion the 
amount of lateral instability present rather 
than the measured depression of the con- 
dyle, and reser\’e for the preceding group 
those cases showing less than ten degrees 
of possible abduction of the leg on the 
thigh with the knee in extension and sub- 
ject all cases showing more than ten degrees 
of such instability to the forms of treatment 
which follow.— Ed.] 

Closed Treatment. Under low spinal, 
local, or general anesthesia the patient is 
placed on a fracture table with slight trac- 
tion applied to both legs. The joint is 
aspirated of all blood. A 6-indi muslin 
bandage is passed about the medial side 
of the knee and strong lateral traction 
applied as for fracture of the lateral con- 
dyle of the femur (Fig. 860 B). This throws 
the knee into varus, and the tension of the 
lateral ligament tends to pull the condyle 
upward. If the fracture is of the medial 
condyle, the traction is, of course, made in 
the opposite direction to throw the knee 
into valgus. Molding of the residual deform- 
ity is carried out with the C clamp described 
in treatment of femoral condylar fractures. 
This clamp is applied to the condyles and 
tightened until impaction is felt and the 
distance between the two heads of the 
clamp is the same as may be obtained on 
the normal knee. The clamp is immediately 
released upon correction of deformity so 
that damage to soft parts may be avoided. 

X-ray check of the position is made. If 
this is not satisfactorj', open reduction is 
required, as described below. In most cases, 
however, the -x-ray shows good position and 
3 nonpadded plaster is applied from peri- 
neum to toes, maintaining a varus position. 

This plaster includes at its upper end a 
padded roll similar in size, consistency’, and 
function to the ring of a Thomas splint or 
walking caliper brace. This roll, resting 
against the tuberosity of the ischium and 


origin of the adductors, transfers some 
of the stress of weight-bearing to the pelvis. 
The pad is made by rolling tightly an 8 by 
10 inch piece of silence cloth or thin felt 
about the center of a three-foot length of 
muslin bandage. This roll is completely 



Fic. 861. Circular plas- 
ter for fractures of upper 
tibia. Shelf of plaster 
holding perineal pad in 
place is shown. Walking 
iron shown is loo long. 
(Courtesy, Griswold, R. 

A.: Amer. Jour. Surg. 32: 

254.) 

covered by a spiral of one-inch adhesive 
tape which compresses it to the size and 
brmness of a Thomas splint roll. It is ap- 
plied with its center over the tuberosity of 
the ischium, the posterior end lying in the 
gluteal fold and the anterior end crossing 
the hip Joint. By pulling firmly outward and 
upward on the ends of the bandage, the pad 
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IS snugly fitted beneath the tuberosity and 
the origin of the adductors 

Anterior and posterior splints are applied 
from the pad downward to the toes These 
splints are accurately molded to the con 
tours of the extremity particularly over the 
bony prominences of the knee and ankle 
They are then covered with circular turns 
of plaster The upper circular turns incor 
porate the pad and are snugly molded on 
the medial side to form a shelf like struc 
ture which holds the roll firmly against the 
ischium Five 6 inch hard surfaced band 
ages are sufficient for this type of plaster 
(Fig 861) 

Open Reduction Fractures which do 
not respond to conservative measures for 
reduction or in which the tibial plateau is 
depressed more than three eighths of an 
inch require open operation especially if 
there is marked comminution and spreading 

A long incision is made beginning lateral 
to the patella at the level of its upper mar 
gin extending downward over the lateral 
condyle medial to the fibulat collateral hga 
ment of the tibia to a point 3 inches below 
the joint line This incision is carried 
through the fascia and capsule into the 
joint 

The soft tissues over the upper end of 
the tibia are dissected up to expose the 
origins of the extensors from the patellar 
tendon well around the lateral aspect of the 
condyle to the tibiofibular articulation The 
interior of the joint is washed clear of blood 
and clots The lateral semilunar cartilage 
which IS often found to be badly damaged 
may be freed from its attachments and re 
moved to give a good view of the articular 
surface of the tibia If it is damaged it has 
to be removed If it is undamaged it usually 
interferes sufficiently with adequate ban 
dling of the fracture to warrant its routine 
removal The common extensor origin is 
stripped laterally from the region of the 
tibial tubercle exposing the antenor sur 
face of the condyle but taking care not to 
deprive too much bone of its blood supply 


The condyle and its articular surface are 
usually found to be more badly comminute 1 
than would appear from the x ray 
With a narrow periosteal elevator the 
depressed fragments are lifted into place 
and fitted together in their normal plane 
The fragments of cancellous bone below the 
plateau are pressed and molded upward and 
inward to support the articular surface 
which should be made smooth This some 
times leaves a gap at the lower portion of 
the condyle due to crushing and impaction 
of the fragments If this is found to be the 
case the incision is lengthened or a sepa 
rate incision is made over the upper portion 
of the shaft of the tibia A small wedge 
shaped graft is removed from the crest and 
impacted into the gap below the condyle 
A long drill is passed from the lateral side 
of the condyle parallel to the tibial plateau 
traversing the head of the tibia emerging 
on Its media] side through a small wound 
made over the point of the drill As the 
drill IS withdrawn a long 3/32 or }4 mch 
stainless steel bolt follows the drill A nut 
tightened down on this bolt presses the 
fragments firmly together (Fig 860 C) 

The principal wound is closed in layers 
with interrupted fine silk and the stab 
wound with one skin suture and covered 
With a light dressing A nonpadded plaster 
IS then applied in varus as for the non 
operative treatment 

If the condyle consists of only one frag 
ment as it rarely does two stainless steel 
nails driven across at different angles may 
suffice instead of the bolt If the fracture 
involves the med al condyle the same pro 
cedure is carried out on the medial side 
and the extremity put up in valgus 

After care The patient may be allowed 
up on crutches without weight bearing as 
soon as pain will permit Muscle setting 
exercises are encouraged from the start At 
the end of four weeks a walking heel may 
he added to the plaster and weight bearing 
permitted The plaster remains for 10 to 12 
weeks however 'o that most of the strain 
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nf weight-bearing is borne by the ischial 
pad. At the end of this time it is removed. 
If the patient has been active in plaster, 
knee motion will be quite good and will 
rapidly improve. If firm fixation has been 
attained by an open reduction, the plaster 
may be omitted, and balanced suspension 
utilized. Active motion of the ankle, knee, 
and hip may then be allowed shortly post- 
operative. In no case, however, should un- 
aided weight-bearing be permitted in less 
than 12 weeks, since the soft cancellous 
bone involved consolidates slowly and may 
undergo deforming compression. Crutches 
may be used for from two to three weeks 
after removal of the plaster and physio- 
therapy (except passive motion) instituted 
If it is needed. In no case should light work 
be permitted in less than 12 weeks and it 
is often not advisable before four to six 
months. Heavj* work may be possible in 
from six months to a year. 

T AND Y Fractures of Condyle 

These fractures are usually the result of 
force exerted in the long axis of the leg, 
driving the tibial shaft up between the con- 
dyles, which are forced laterally (Fig. 862 
A). Reduction requites traction to restore 
length and manipulation and compression 
to force the condyles together. 

Closed Treatment. Under general or 
spinal anesthesia the patient is placed on 
the fracture table and the well foot firmly 
fixed to the footpiece. The joint is aspirated 
of all blood. A 3/32*inch Steinmann pin 
6 inches long is driven through the tibia 
two to three fingers above the medial mal- 
leolus, Just in front of the fibula, according 
to the technic described for supracondylar 
fractures. This pin is attached by a BoWer 
stirrup to the footpiece of the table. Strong 
traction is applied to the straight leg until 
the length of the extremity is restored. The 
squeezing effect of the taut ligaments and 
fascia aids in replacing the condyles. Man- 
ual manipulation and compression with the 
C clamp, as for fractures of the femoral 


condyles, complete the reduction (Fig. 862 
B), The position is checked by x-ray and 
a circular plaster with ischial pad is ap- 
plied, as described for fractures of a single 
condyle, firmly incorporating the pin. 

Since both condyles are involved, neither 
plaster nor internal fixation will prevent 


Fig. 862. (a) Mechanism of T and Y 
fractures of tibial condyles, (b) Reduc- 
tion by traction and compression, (c) 
Fixation of iragments with bolt. 

pressure on the fragments by the femoral 
condyles as the result of longitudinal mus- 
cle puU. Therefore, continuous traction, 
either fixed or balanced, is necessary. Fixed 
traction may be obtained by passing a 
Steinmann pin through the femoral condyles 
before applying the plaster. Balanced trac- 
tion is obtained by a weight of 10 to 12 
pounds attached by appropriate stirrup and 
pulley arrangement to the pin in the distal 
tibia, with the plaster encasement sus- 
pended by weights from an overhead frame. 

Traction-suspension Treatment. If, for 
any reckon, primary fixation in plaster is 
not indicated, traction-suspension may be 
used. Primary’ closed reduction and fixation 
in plaster may be contraindicated by other 
injuries which take precedence in treat- 
ment, or by extensive soft-tissue damage 
which it is feared may result in excessive 
swelling. The procedure is the same as 
aboTC, up to the application of plaster. At 
that point, unrelasing manual traction being 
maintained, the patient is transferred to a 
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fracture bed, and the extremity is placed 
in a balanced Thomas splint with the knee 
fixed in slight flexion Ten to fifteen pounds 
traction is then applied to the pm, replaang 
the manual traction, to maintain the post 
tion 

Open Reduction and Fixation If the 
conservative procedures outlined above are 
not immediately effective open reduction is 
indicated and should be done at the same 
sitting if possible 

While strong traction is applied by means 
of the pm through the lower tibia on the 
fracture table as described above, the knee 
is prepared for operation A four inch inci 
Sion IS made over each condyle midway 
between the respective lateral ligaments of 
the knee and the borders of the patellar 
tendon These are earned to the bone and 
exposure of the articular surface of the 
tibia obtained If either meniscus is dam 
aged It is removed The condylar surfaces 
are aligned by leverage and manipulation, 
assisted by increasing or decreasing the 
traction When alignment is obtained a 
long drill IS passed through both condyles 
parallel to and ^ to l inch below the artic 
ular surface As the drill is withdrawn a 
3/32 or Ys inch stainless steel bolt is passed 
along the drill tract and the nut tightened 
to firmly compress the condyles The excess 
bolt is clipped off the wounds closed in 
layers with silk, and sealed with silver foil 
(Fig 862 C) A circular plaster is applied 
and traction continued as for closed re 
duction 

If fixed traction through both the femur 
and tibia has been used, ambulatory treat 
ment may be earned out as soon as pain will 
permit Weight bearing on the walking iron 
IS permitted at four weeks If traction 
suspension with or without plaster has been 
used, it IS maintained for eight weeks An 
advantage of traction suspension without 
plaster is the opportunity to institute early 
active motion in traction, although at the 
risk of some displacement Whate\er 
method has been used, the Stemmami pins 


are removed and a fresh plaster applied at 
eight weeks and weight bearing continued 
or started as the case may be This cast 
remains for about four weeks after which 
graded weight bearing with crutches may 
be started Physiotherapy and an elastic 
support are useful at this time At the end 
of 16 weeks the patient should be walking 
without support 

Again the time away from work and the 
amount of permanent disability are m 
creased by involvement of the joint The 
patients age the seventy of the fracture 
and the accuracy of replacement all play a 
part in the estimation of disability Light 
work should be possible in from four to six 
months and heavy work in from six months 
to a year 

DISLOCATIONS AT KNEE 
Dislocation or Pai^lla 
Acute traumatic dislocation of the patella 
may be (1) lateral, (2) medial rarely (3) 
rotary (on its long axis), or (4) vertical 
(rotated on its transverse axis) (Conwell) 
Manual manipulation with or without anes 
thesia and nith the knee extended will 
usually replace the bone Hemarthrosis 
must be relieved and the joint fixed in ex 
tension for about three weeks with subse 
quent treatment as for a sprain 
Closed reduction is rarely unsuccessful 
When It IS a vertical incision must be made 
at the side of the patella and direct traction 
and leverage used to force the bone over the 
obstructing condyle into place After care 
is the same as for the closed treatment 
Recurrent dislocation follows insufficient 
protection after acute dislocation especially 
when knock, knee exists If the valgus is 
severe appropriate treatment for this is 
necessary [See Genu Valgum, Chapter 5 — 
Ed ) The simplest and most effective direct 
attack on the recurrent dislocation is the 
procedure described by Campbell asfollows 

A five inch medial incision is made parallel 
to the quadriceps muscle, the patella and 
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patellar tendon, down to the capsule of the 
knee joint. Beginning at a level with the 
articular surface of the tibia, a strip of capsule 
five inches in length and one-half to one indi 
in width is removed and left attached above. 
In all operations for recurrent dislocation of 
the patella, the joint should be exposed suffi- 
ciently for thorough inspection, in order that 
any loose bodies not vnsible in the roentgeno- 
gram may be found. After inspection, a digital 
examination should be made, if necessary. 

The cut margins of the capsule are closed, 
thus taking up all undue slack and tightening 
the internal portion of the capsule, the pedi- 
cled flap being left free. A scalpel is passed 
from side to side through the quadriceps 
tendon, just above the patella. Through this 
tunnel a bemostat is inserted from without 
inward and the end of the flap is grasped and 
carried through the tendon to the outer side. 
The flap is then reflected medially over the 
anterior surface of the quadriceps tendon and 
the free end L stitched to the internal capsule 
over the inner condyle, to the pcovicnat end 
of the internal lateral ligament of the knee or 
to the internal condyle. 

A light plaster or restricting pressure 
dressing is applied for about two weeks, 
after nhich active motion in bed is begun. 
Ambulatory treatment Ns-ith crutches is 
started at the end of three weeks, guarding 
against sudden, uncontrolled fle-vion. By the 
end of sis wee^ the patient should be walk- 
ing well without crutches. 

Cases with a long, las, quadriceps mecha- 
nism in which the patella lies abnormally 
high respond well to medial and distal trans- 
plantation of part or preferably all of the 
insertion of the tendon. The best e.Tample 
of this type of operation is that of Hauser.* 
An incision is made from about 2 inches 
above the patella, cur\’ing laterally about 
the bone and coming to the midline just 
below the insertion of the tendon. Bj’ dis- 
secting up both flaps, the tendon, patella, 
and lower portion of the quadriceps are 
exposed. The patellar tendon is dissected 
free and its insertion outlined. A rectangu- 
lar block of bone, including the insertion, is 

• Hauser, E. D. W. : Total tendon transplant for 
sl'pptng patella. Figrs. 4 and S, Surg.. Gynec, and 
Obstet, M:205. 


cut out to free the tendon. While traction 
is exerted distally and medially on the ten- 
don, the incision on its lateral side is 
extended upward through the fascia, lateral 
to the patella and vastus lateralis. This inci- 
sion extends down to but does not involve 
the joint. As the lateral side of the extensor 
apparatus is freed, the tendon may be 
moved dUtally and medially and the proper 
line of quadriceps action restored. With the 
patella held by traction in its normal place, 
between the condyles, a spot is selected for 
the new insertion medial and distal to the 
old one. Flaps of periosteum are dissected 
Up and a block of bone the same size and 
shape as the first block is removed. The 
first block, with its tendon attachment, is 
inserted into this space and fixed with a 
stainless-steel or vitalUum screw, or with 
4 or 5 C silk sutures in the periosteal flaps. 
The free block is inserted into the defect 
at the original attachments. The now* 
relaxed medial fascia is plicated to make 
it taut. The gap in the lateral fascia need 
not be closed The wound is closed with 
fine silk and plaster is applied in extension 
for two weeka. If metal fixation has been 
used, active motion may be started at this 
time. Otherwise, it should be deferred for 
four weeks. Protected weight-bearing is per- 
mitted at four weeks and free use at six 
weeks. 

Operations to transplant the quadriceps 
insertion have largely replaced osteotomy 
of the lateral condyle and building it up 
with a bone graft in an attempt to block 
lateral movement of the patella, as advo- 
cated by Albee and others. If the correct 
line of pull of the quadriceps apparatus has 
been established, recurrence is unlikely. 

Disloc.vtion of Tibia from Femur 

This rare injury’ usually follows severe 
direct violence and may displace the tibia 
in relation to the femur, (1) anteriorly, (2) 
posteriorly, (3) laterally, or (4) medially. 
Rotary dispbcement may occur alone or in 
combination with any of the others. Severe 
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injury to blood and nerve supply may be 
present and require amputation or other 
direct surgical attack For this reason, care- 
ful examination of the pulses and nerve 
supply IS imperative both before and after 
reduction Compound dislocation is not in 
frequent and is handled in accordance with 
the same principles as outlined above for 
compound fracture of the patella 

Closed reduction is usually easy, since 
the ligaments are necessarily almost com 
pletely torn Traction, combined with ap 
propriate pressure on the head of the tibia, 
usually suffices Occasionally, the hamstring 
tendons may be caught in the mtercon- 
dyfoirf notch and prevent reduction by trac- 
tion with the knee extended (Bohler) In 
such cases, flexion of the knee will usually 
release the interposed structures 

On rare occasions open operation is re- 
quired, especially m old cases In such 
instances, a generous vertical incision is 
made on the appropriate side of the patella 
into the joint With strong traction applied, 
preferably by mechanical means, a long 
bone skid is insinuated between the bones 
Leverage and manipulation, aided by trac- 
tion, will bring the bones into proper rela- 
tionship The wound is closed m layers with 
interrupted silk 

After reduction by either open or closed 
means, fixation is necessary to allow the 
almost completely torn ligaments to heal 
This is best obtained b> a circular plaster 
with perineal w'eight bearing pad as de- 
scribed for fractures of a tibial or femoral 
condyle During the application of the plas- 
ter, particular attention must be given to 
proper alignment of the knee, since the 
disrupted ligaments may allow displace- 
ment in almost any direction The knee is 
best placed in 10 to 20' of flexion Weight- 
bearing on the walking heel may be allowed 
m three weeks The circular plaster, how- 
ever, must remain for from 8 to 12 weeks, 
according to the seventy of the ligamentous 
injury. 


If the knee is not stable at this time, im 
mobilization for a longer period is advised 
It often does little good When the plaster 
is removed, crutches and a knee support 
are used at first and motion is gradually 
started Function should be complete by 
the end of six months If the knee is still 
unstable after adequate immobilization, ap 
propriate operative repair is carried out on 
whichever ligaments are ununited In cases 
which ate reduced early and in which im 
mobilization has been sufficient the end- 
result is usually good, and full work in 
the average case is possible after six 
months 
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Internal Derangements of Knee Joint 

Frank E. Stinchfield, M.D. 


Although the strenuous athletics so pop- 
ular in recent years and the large number 
of automobile accidents have added greatly 
to the involved conditions for which the 
knee has to be treated, internal derange- 
ments of the knee are by no means new 
surgical problems. It is definitely known 
that Hippocrates knew of such conditions, 
although they were first described under the 
name “internal derangements” by William 
Hey in 1784. Pare is credited with being the 
first who successfully removed a loose body 
from the knee joint and Thomas Annandale 
of Edinburgh as the first who successfully 
removed a meniscus. 

As surgical technic and asepsis improved, 
the knee joint became of more and more 
interest and many methods of treatment 
were attempted with varj’ing results. The 
First World War gave great impetus to 
knee-joint surgerj', with the result that dur- 
ing the interim between that war and World 
War II hitherto unkno>vn surgical proce- 
dures have been carried out with safety. 

An internal derangement of the knee as 
defined by Osgood is “a mechanical de- 
rangement caused by a product of the joint 
itself and lying within the joint.” The exist- 
ing patholog}’ may be caused hy either a 
sudden injury or a gradual degeneration of 
the tissues, or a combination of both. 

One of the chief difficulties with which 
a surgeon is confronted when dealing with 
disabilities of the knee joint is making the 
correct diagnosis of the existing pathologj'. 


This is in part due to the multiplicity of 
conditions which can be present. The signs 
and symptoms of the various pathologic 
entities of the knee joint resemble each 
other so closely that only by the most care- 
ful investigation can a definite clinical dif- 
ferentiation be made. Howeter, an almost 
pathognomonic sign of all acute internal 
derangements of the knee joint is rapid 
atrophy and h>'potoaia of the quadriceps 
femoris. 

In examining the joint, one must con- 
sider not only the bones, cartilages, liga- 
ments, and s>TioviaI membranes, but also 
the presence or absence of muscular wasting 
or deformity An e%'aluation of the range of 
motion and a comparison with the opposite 
knee will frequently aid in diagnosis. 
Anterior-posterior and lateral x-rays should 
always be obtained before a final opinion 
is reached. 

The most common conditions classified 
as internal derangements of the knee in- 
clude the following: (1) Lesions of the 
internal and external menisci, (2) ruptures 
of the internal and external lateral liga- 
ments, (3) ruptures of the crucial ligaments, 
(4) hypertrophy of the alar fat pad, (5) 
fractures of the tibial spine, and (6) loose 
bodies in the knee joint. Many others, such 
as intra-articular exostoses and spurs, un- 
united fractures of the patella, nonunion of 
fractures of the tibial tuberosity, foreign 
bodies (needles, glass, bullets, etc.) in the 
knee, and peri-articular ganglia, are all de- 
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rangements of the knee but will not be 
discussed m this section 

Before going into detail regarding spe 
cific parts of the knee it may be well to 
recall a few general anatomic relationships 
of this joint The capsule a fibrous tissue 
which completely encircles the joint is re 
enforced in its posterior portion by the 
ligament of Winslow The anterior portion 
of the knee joint is supported by the patella 
the strong quadriceps muscle group and the 
patellar tendon The menisci the lateral 
and crucial ligaments the alar fat pad and 
the tibial spines will be discussed m con 
nection with their various lesions 

MENISCI OR SEMILUNAR 
CARTILAGES 

Anatomy 

The menisci are so arranged that they 
slide centrally and backward when the joint 
IS flexed and peripherally and forward when 
the joint IS extended thus helping the joint 
stability and allowing the articulating sur 
faces to keep contact at all times They are 
attached to the synovial membrane and 
tibial condyles by tissue known as the 
coronary ligaments 

Functions 

The functions of the menisci arc many 
and together with the ligaments they form 
the stabilizing factors in the knee /The 
conception that the stability of the func 
honing knee joint is dependent upon normal 
ligaments and normal menisci is to say the 
least, debatable It is probably much more 
accurate to regard the ligaments as check 
reins designed to prevent excursion of the 
joint surfaces beyond normal limits Within 
normal limits of range of motion the joint 
is stabilized almost altogether by the co 
ordmated action of the muscles wbidi act 
on It With intact ligaments rotation ab 
duction and adduction of the tibia on the 
femur are possible m every position except 
in the maximum of extension and in extreme 


flexion These two positions are rarely 
assumed 

In any intermediate position the control 
of rotation abduction and adduction must 
depend upon the coordinated action of the 
supporting muscles It is a fact that the re 
moval of both menisci gives rise to no 
demonstrable instability Were all the mus 
des uniformly weakened following knee 
joint injury weakness of the extremity 
would result but not instability of the joint 
It is a fact however that the at present 
unexplained rapid atrophy and hypotonia 
in the thigh after injury is selective for the 
quadriceps extensor group and results in 
marked muscle imbalance hence msta 
bility It IS for this reason that so much 
stress must be laid upon the necessity for 
rehabilitation in knee joint cases 
as the author points out throughout this 
chapter This is not a matter of academic 
interest— It is a viewpoint vital to under 
standing of the gross physiology of the 
living and functioning knee joint and there 
fore to intelligent understanding of the dis 
tinction between the surgical treatment and 
the operative treatment of that joint Ed ] 

A few examples of their functions are as 
follows (1) They compensate for inequal 
ities of the joint surface (2) they diminish 
friction (3) they adapt themselves to joint 
motions (4) they assist the lateral liga 
ment of the opposite side of the knee joint 
to resist any undue lateral motion (S) they 
act as shock absorbers and (6) they help 
in allowing rotation of the tibia on the 
lemur 

Lesions 

By far the most frequent pathology in 
so called internal derangements of the knee 
is a fracture or tear of the internal meniscus 
About 80 per cent of all internal derange 
meats of the knee ha\e this coidition as 
the chief cause of trouble 

The signs and symptoms of a tear of the 
mlemal meniscus are limitation of motion 
as compared to the opposite side atrophy 
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and hypotonia of the quadriceps muscle, 
usually effusion of blood into the joint, and 
tenderness along the inner joint line— the 
maximum usually being at the point of tear. 
Frequently the patient cannot obtain com- 
plete extension because of locking of the 
knee joint. A fairly pathognomonic test is 
to have the patient sit in a chair and rest 
his foot firmly on the floor with his knee 
flexed to 90°, and, with one hand steadying 
the thigh, to suddenly externally rotate the 
lower limb on the femur. In so doing, acute 
pain will be referred to the area of tear. 
For external meniscus injuries, internal ro- 
tation is used. [In the acute cases this test 
is not so valuable as in the recurrent and 
chronic cases. In these latter it has been 
used on the Fracture Sert'ice of the Presby- 
terian Hospital in New York for some years, 
and has been found very helpful One hand 
of the examiner must press down on the 
superior aspect of the lower thigh to hold 
the foot firmly on the ground, and to pre- 
vent abduction or adduction at the hip. If 
the right kitee is being tested the examiner 
sits in front of the patient, places the left 
heel in contact with the outer side of the 
patient’s right heel, and the right toe of bis 
shoe in contact with the toe of the patient’s 
shoe. The patient’s toe is then suddenly 
turned outward. Internal meniscus injurj', 
in the great majority of cases, will be evi- 
denced by sharp pain on the inner side of 
the joint, strictly localized, usually just in 
front of the internal collateral ligament. 

To test the external cartilage, the heel 
of the examiner’s right foot is in contact 
with the inner side of the patient’s heel, 
and the toe of his left foot turns the pa- 
tient’s toe sharply inward. Similar localized 
pain is evidenced on the outer side in this 
case. The turning of the toe must be sharply- 
done, and the patient must be relaxed. If be 
expects the maneuver, and braces himself in 
anticipation of it, the test is valueless. Dif- 
fuse and nonlocalized pain or discomfort 
is produced by this maneuver, of course, in 
any inflammatory or degenerative joint le- 


aon. In acute cases it does not serve to 
differentiate between meniscus injuries and 
collateral-ligament injuries.— Ed.] 

Anterior tears of the meniscus usually 
limit extension while posterior tears limit 
flexion. The history of locking occurs in 
about 75 per cent of the cases and usually’ 
the unlocking of a torn meniscus is rather 
sudden, produced either by the patient him- 
self or the surgeon. .Any slow unlocking 
should raise doubt as to whether or not 
there has actually been a meniscus tear. 
[See below for technic of “unlocking.”— 
Ed.J 

Lesions of the external meniscus occur in 
the frequency of about one to eight or one 
to ten as compared to lesions of the internal 
meniscus, due to the fact that the mecha- 
nisms producing tears of the internal me- 
niscus are more common than those causing 
lesions of the external meniscus, and more 
severe injury is required to damage the 
external meniscus. Simultaneous injury to 
both menisci is more frequent than is com- 
monly believed. A much greater variety of 
pathologic conditions may exist in the ex- 
ternal meniscus than in the internal. There 
may be traumatic tear, hypertrophy, or 
cyst. Cysts are rather common in the ex- 
ternal meniscus but uncommon in the 
Internal. The treatment of an external 
meniscus tear, hypertrophy, or cyst is ex- 
actly the same as if it nere in the medial 
cartilage with the exception that the inci- 
sion is made in a different location. 

A condition peculiar to the external 
meniscus is that of a discoid cartilage. This 
condition is the existence of a complete 
fibrocartilage in the knee joint which repre- 
sents a persistence of the embryonic struc- 
ture. Symiptoms of such cases may be those 
of an internal derangement of the knee with 
locking, pain, disability, and very fre- 
quently a "popping” sound when the knee 
is brought into full extension. McMurray 
makes a very’ definite differentiation of dis- 
tinguishing a "click” which one hears and 
feels with a tear of the medial meniscus as 
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compared to a clunk or thud of the 
lateral meniscus ^\hlch exists in the discoid 
cartilage As m cysts of the external car 
tilages the treatment indicated is operative 
removal 

CONSERVATIVF TREATMENT 

Almost every case of torn cartilage de 
serves an attempt at conservative treatment 
following the first episode This of course 
is applicable only to those patients in whom 
a complete reduction of the torn meniscus 
can be effected It is felt that after two or 
more attacks operative intervention is war 
ranted 

The first step in the conservative treat 
ment is aspiration of the joint and when 
correctly carried out implies the same care 
ful rigid surgical asepsis as in an open 
operation The 1 nee is shaved the area 
about the knee is scrubbed with soap and 
water for ten minutes and then a surgical 
preparation with ether iodine and alcohol 
may be applied (The author prefers nothing 
but a ten minute scrub with soap and water 
without application of any other anti 
septics ) 

Aspiration of Knee Joint [See also 
Chapter 37 - Ed ] Usually the aspiration is 
done using of 1 per cent novocame anes 
thesia rather than general anesthesia The 
most satisfactory site for aspiration is a 
point midway between the superior and m 
ferior poles of the patella at the level of the 
cartilaginous surface The needle may be 
inserted on either the medial or the lateral 
aspect of the patella In this manner one 
can be sure that the needle will enter 
directly into the knee joint and not be dis 
placed into the suprapatellar pouch or into 
a blind pouch of the knee joint 

At the site chosen for the insertion of 
the needle a small bleb m the skin can be 
made with of 1 per cent novocame After 
this a small nick is made in the bleb with 
a sharp scalpel to prevent the thrusting of 
the large bore needle used for aspiration 
through unpenetrated skin In so doing the 


possibility of infection is lessened as no 
outer skin is pushed into the ! nee joint by 
a large bore needle The needle used for the 
novocame injection is discarded and a large 
No 17 needle is inserted into the knee joint 
novocame being injected as the needle is 
thrust downward As soon as the needle is 
through the capsule the hemarthrosis may 
be aspirated easily 

A point of technic that should be kept in 
mind is that after the needle is in the knee 
joint an assistant may press the fluid from 
the suprapalelht pouch down mto the knee 
proper or from the popliteal area up into 
the knee proper so that as much blood as 
possible may be aspirated during the one 
procedure The fluid obtained by aspin 
tion should always be cultured to determine 
the presence of any bacteria in the I nee 
joint 

Oftentimes following this procedure the 
torn meniscus will spontaneously reduce 
Itself and the knee will go into complete 
extension or complete flexion A pressure 
dressing is then applied to the knee for 
48 hours after which time the I nee is ex 
tended to 1 80* and a circular plaster applied 
from the groin to the ankle to immobilize 
the knee This plaster is left in place for a 
minimum of three weeks and a maximum of 
SIX weeks During the time that the patient 
IS encased in this plaster he is given explicit 
instructions as to the exercising of the 
quadriceps muscles within the plaster in an 
effort to diminish or avert as much muscle 
atrophy as possible and is encouraged to 
be freely ambulatory bearing weight on the 
affected leg 

[A help in minimizing the tendency of a 
circular leg plaster to slip down and to 
produce unpleasant pressure and rubbing 
just above the malleoli is the preliminary 
application to either side of the leg of a 
strip of adhesive extending about six to 
eight inches beyond the anticipated plaster 
length After the first layers of plaster are 
on the exposed lengths of adhesive are 
turned up and incorporated in the rest of 
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the encasement. This acts as a suspensorj' 
sling to support the plaster and to keep it 
from slipping down.— Ed.] 

If, after aspiration of the knee joint, re- 
duction has not occurred spontaneously, the 
technics as described by Fisher and Sir 
Robert Jones are followed. The patient is 
placed in a supine position with a flexed 
hip and the lower leg is flexed upon the 
thigh as much as possible. The lower leg 
is then abducted upon the femur and sud- 
denly e'rtended while being held in a posi- 
tion of internal rotation. This will usually 
effect a reduction, provided that the pro- 
cedure is purelj’ a passive one and the pa- 
tient’s muscles are relaxed In such case, the 
leg is then placed in a circular plaster as 
mentioned abo\ e, and he is allowed to bear 
weight immediately. If, after these attempts 
to reduce a tom internal meniscus, the knee 
cannot be unlocked, there is but one course 
that can be followed and that is an open 
operation with removal of the offending 
cartilage. 

[Many men object to aspiration of a 
joint shortly before operation. They there- 
fore feel that any manipulation for un» 
locking should be done on the unasplrated 
knee joint, the aspiration being done if the 
joint can be unlocked, and operation ad- 
\-ised if it cannot. Also, it is felt by some 
that there is little excuae for manipulation 
without anesthesia of a knee joint which is 
locked. Not only is the manipulation more 
difficult and less certain of accomplishment, 
but the presence of flexion due to hamstring 
spasm in the conscious patient may make it 
difficult to decide whether or not the proce- 
dure has been successful.— Ed ] 

Should the tear occur completely through 
cartilage in the mesial portion of the me- 
niscus, there is little hope of it e%er heal- 
ing. Should it involve the peripheiy where 
connective-tissue attachment with adequate 
blood supply is present, the healing is by 
a fibrous rather than a cartilaginous union. 
It seems the better judgment that, if con- 
servative methods fail in treatment of a 


tom cartilage, surgical intervention should 
be carried out as soon as possible. It is best 
not to wait too long because of the danger 
of de%-eloping a traumatic arthritis of the 
involved joint. Therefore, if, after immo- 
bilization and muscle re-education and de- 
velopment, the patient still has sjTnptoms 
referable to the meniscus, operation should 
be advised. 

Opeeati\’e Treatment 

General. Surgical procedures for removal 
of a meniscus are varied. However, all op- 
erative treatment is aimed toward the same 
end— the removal of the entire meniscus 
causing the internal derangement. Sir Rob- 
ert Jones advised that the knee should never 
be operated on in the presence of an effu- 
sion, which aduce should be followed as 
much as possible. Although the fear of open- 
ing knee joints has largely disappeared, the 
danger of infection still exists, and the re- 
sults of an infected knee joint are tragic. 
Accordingly, the most rigid asepsis from 
start to finish should be employed. The 
greater the respect for the knee joint the 
belter the result. 

The patient should be in the hospital for 
at least 36 hours prior to operation, and 
should be carefully examined for possible 
foci of infection that might flare up. Operat- 
ing on a knee joint in the presence of any 
systemic infection is injudicious. 

The knee should h3\e two sterile prepa- 
rations, one on the day preceding operation 
and one immediately before operation. The 
leg is made ready with soap, water, alcohol, 
and ether, and wrapped in sterile towels on 
two successive daj’s. General anesthesia is 
recommended. One of the most important 
parts of the entire operation is the prepa- 
ration of the field involved. It seems best 
that the surgeon himself or the first assist- 
ant do the preparation of the knee Joint. 
The author believes that the most important 
part of any preparation is a thorough soap- 
and-water cleansing which should last for 
ten minutes. After this, ether and alcohol 
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can be put on the skin and the field made 
ready for operation 

The use of a tourniquet is of definite 
advantage at time of operation It will give 
perfect hemostasis and allow one to see the 
joint without the hindrance of bleeding 
Some surgeons feel that the use of a toumi 
quet predisposes to more muscle atrophy 
The possibility of a thrombophlebitis and 
a common peroneal nerve palsy following 
operation has also been offered in objection 
to the use of a tourniquet however these 
have not been substantiated by most clinics 


sions and therefore that it is better surgerj 
to explore the joint thoroughly through a 
large incision He quoted a series of 179 
cases in which 27 per cent showed a single 
lesion 27 per cent showed two lesions and 
the remaining 46 pet cent showed anywhere 
from three to eleven abnormal conditions in 
the joint — thus 73 per cent showed multiple 
lesions 

Moorhead has compared the arthrotomy 
of the knee joint to a laparotomy of the 
abdomen stating that a small incision for 
a laparotomy is of no use in the exploration 



Fig 863 (Lejt) External posterolateral incision Insert shows loose body (Courtesy 
Henderson M S Surg Gynec and Obsfet 33 698 ) 

Fig 864 internal posterior lateral incision Insert shows knee flexed to 

right angle and position of leg on operating table (Courtesy Henderson M S Surg 
Gynec andObstet 33 698 ) 


[Nevertheless many men prefer operation 
without tourniquet —Ed 1 

Whether the skin incision is oblique ver 
tical or transverse is a matter of individual 
preference However it is wise to avoid 
injury to the patellar bcatich of the saphe 
nous nerve There are almost as many types 
of incisions as there are types of lesions 
within the knee joint and there still is a 
great deal of dispute as to whether or not 
a small or a large exposure of the knee joint 
should be made Darrach has made an in 
vestigation of this problem and concludes 
that diagnostic ability alone frequently is 
not sufficient to avoid mistaking the mam 
lesion or in ruling out other associated le 


of the abdominal cavity and likewise a 
small incision for an arthrotomy is no inci 
sion for exploration of a knee 
However it would seem that a definite 
percentage of cases will show sufficient dm 
ical evidence to make one sure that the 
only pathology is a torn meniscus In these 
cases it seems justifiable to make a smaller 
incision as recommended by Henderson 
Cave Magnuson and others 

Types of Incisions As mentioned above 
there are many types of incisions recom 
mended for approach to the knee joint 
sudi as the split patellar the hockey 
stick the horizontal the posterolateral the 
U shaped the combined anteroposterior 
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and the medial or lateral parapatellar. Of 
these, the most generally accepted as a 
satisfactorj’ approach is the medial or 
lateral parapatellar incision: however, a 
short description of each tj’pe is herewith 
presented. 

SPLiT-PATELLAa INCISION. Prior to 1920 
it was the usual practice of many surgeons 



try at this time and it seems that this has 
been a wise decision. 

“Hockey-stick” Incision. The incision 
used by Campbell and others passes about 
one inch to either side of the patella, 
parallel with the patellar tendon. It begins 
on a level with the middle of the patella, 
one inch to its inner or outer side depending 



Fig. 865. {Left) Line of incision for excision of internal semilunar 
cartilage: (A) Internal semilunar cartilage, (B) Ime of incision. 
(Courtesy, Roberts, P. W.: Jour. Amer. Med. Asso., 79:1608.) 

Fig. 866. {Right) Flap retracted upward, showing exposure of 
meniscus on its under surface. (.A) Internal semilunar cartilage; (B) 
medial cond 3 le of femur. (Courtesy, Roberts, P. W.: Jour. Amer. 
Jled. Asso., 79:1608.) 


to do a split-patellar incision. However, the 
disadvantage of this is that one diisels 
through normal bone, and also may have 
difficulty in placing the cartilaginous por- 
tion of the patella in accurate alignment, 
with the risk that a traumatic arthritis may 
subsequently develop. Also, there is usually 
much more postoperative bleeding, and mo- 
tion cannot be started as early as when one 
uses the medial or lateral parapatellar inci- 
sion. The split-patellar incision has been 
almost completely abandoned in this coun- 


on whether the tear is of the internal or 
external meniscus, and extends directly 
down to a point just below the articular 
margin of the tuberosity of the tibia. It is 
then continued through the soft structures 
to the joint proper. If more room is re- 
quired, the lower end of the indsion may 
be carried backward and outward for one 
or two inches, care being taken not to injure 
the internal or external lateral ligaments 
depending on which side the operator is 
working. Campbell claims that it is usually 
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sufficient as the cartilage is often avulsed 
and can be easily removed 
Horizontal Incision Another t>pe of 
incision IS one which is made parallel with 
the joint line proper and the dissection of 
the cartilage carried out antenorlj and pos 
teriorly to the lateral ligament 
Many surgeons feel and quite correctly 


posteriorly may be made in the skin and 
a straight incision parallel with the longi 
tudinal axis of the leg made m the capsule 
This may be enlarged and retractors placed 
to give an excellent view of the posterior 
cavity of the joint A large curette may be 
used to explore and to remove the posterior 
attachment of the meniscus As can be seen 



Fig 867 (A) Skin incision beginning about three eighths of an inch back of femoral 
epicondyle and extend ng downward and forward to patellar tendon 

(B) Incisions into capsule Anterior incision begins just in front of and shghth below 
femoral epicondjle and extends downward and forward to patellar tendon Posterior 
incision IS made in line with ligamentous fibers of capsule 

(C) Anterior opening into joint showing semilunar cartilage in situ 

(D) Anterior portion of semilunar cartilage dissected free and brought out through 
anterior incision 

(E) Mesial s de of knee joint showing capsule opened in front of and behind internal 
lateral ligament and cartilage dissected free except for its extreme posterior attachment 

(Courtesy Cave E F Jour Bone and Joint Surg 17 428 429 ) 


so that the entire cartilage should be re 
moved if possible Accordingly if a small 
incision IS made anteriorly and the posterior 
attachment of the cartilage cannot be re 
moved a posterior incision is definitely 
indicated The posterior incision should be 
at right angles to the joint line In the case 
of a torn medial meniscus the knee is flexed 
to 80“, thus relaxing the posterior capsule 
Posterolateral Incision A semilunar 
incision with the convexity anteriorly or 


this approach is anterior to the relaxed ten 
dons of the semitendinosus sartorius and 
semimembranosus muscles on the medial 
side (Fig 863) On the lateral «ide it is 
directly anterior to the head of the fibula 
and in front of the biceps tendon ( Tig 864J 
With these two separate incisions almost 
every cartilage can be removed m its en 
tiret} Also the posterior lateral incision 
whidi has just been described and was fir«t 
described by Henderson serves very ade 
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quately for the removal of any loose 
bodies from the posterior portion of the 
knee joint. 

U-SHAPED Incision. Roberts has de- 
scribed an incision for removal of menisci 
which he believes eliminates the strain on 
the wound nhen the knee is flexed and 
obviates the necessity for suturing the syn- 
ovial membrane. This is accomplished by 
making a U-shaped incision, one arm of 
which starts three-eighths of an indi above 
the upper border of the tibial condyle and 
follows down the border of the patellar 
ligament for one and a half inches It is 
then carried transversely for a short dis- 
tance and then upward inside the lateral 
ligament to the level of the upper end of 
the opposite arm of the incision (Fig. 865). 
All tissues overlying the tibia including the 
periosteum are cut at the same time. A 
sharp periosteal elevator used to raise the 
U-shaped flap is retracted upward until the 
coronary ligament is exposed (Fig. 866) 
The meniscus then may be removed easily 
under direct vision. 

Combined Anteroposterior Incision. 
This approach to the knee joint is described 
by Cave as follows : 

The advantage of the exposure is that it 
allows exposure to the anterior and posterior 
compartments of the knee joint with a mini- 
mal amount of trauma to the articular surface. 
The technic is to flex the knee at right angles 
over the end of the operating table. To ex- 
pose the internal meniscus, the internal epi- 
condyle of the femur is identified and the 
incision begun three-eighths of an inch behind 
and on a level with this point about inches 
above the joint line. Posterior to this bony 
landmark pass the tendons of the sartorius 
gracilis and inner hamstring muscles, which 
have their insertion in the upper end of the 
tibia. The incision is carried downward and 
curved gradually anteriorly' to a point a quar- 
ter of an inch below the joint line and then 
forward to the border of the patellar tendon 
(Fig. 867 A). The skin flap of subcutaneous 
tissue and fat is reflected upward to expose 
the quadriceps e.xpansion and the lateral liga- 
ment. The first, or anterior, incision into the 
joint capsule begins just in front of the lateral 


ligament as it takes its origin from the internal 
femoral condyle (Fig. 867 B). The incision is 
carried downward and fonvard to just below’ 
the joint line and farther forward to the patel- 
lar tendon with the same general curve as the 
skin incision. The synovia is opened through 
this same incision and the anterior cornu of 
the internal meniscus is exposed (Fig 867 C) 
In this manner one can work in front and 
behind the lateral ligaments which allows ade- 
quate exposure to the entire joint (Fig. 867 
D). This incision is very adequate for any 
exposure that is necessary (Fig. 867 E). 

Parapatellar, JIedial Later.al, or 
Patellar-margin Incision This incision 
(sometimes called medial lateral or patellar- 
margin incision) begins in the midline of 
the thigh about three inches above the su- 
perior aspect of the patella, passes down- 
ward to within a fingerbreadth of the 
superior aspect, and then along the inner 
margin of the patella and patellar ligament 
to the tibia] tubercle. The chief advantage 
in making such a large incision is that 
should other lesions be present they may be 
approached and treated through the same 
incision. 

The surgeon should incise directly to the 
level of the fascia, the vastus intemus 
should be retracted medially to avoid cut- 
ting the muscle fibers. The capsule is opened 
to the full length of the skin incision The 
rectus femori tendon is split longitudinally 
in the direction of its fibers close to its 
medial margin for a distance of about two 
inches into the suprapatellar pouch. By this 
maneuver the patella can be displaced or 
dislocated laterally when it becomes neces- 
sary' to expose the entire joint. The knee 
should be fle.xed at right angles for the best 
e-xposure after dislocation of the patella. 
The remov’al of the meniscus usually begins 
at the anterior attached portion and is 
facilitated by' external rotation of the tibia. 
Attempts should be made to remove the 
entire meniscus even if it becomes neces- 
sary to make a separate incision to expose 
the posterior portion. One should be care- 
ful to avoid injuring the medial lateral 
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ligament when dissecting off the medial 
meniscus 

Removal of Medial Meniscus As soon 
as the knee joint is entered, it should be 
inspected in a systematic manner for pos 
sible loose bodies, new growths, synovial 
hypertrophy, or adhesions The ligamentum 
mucosum should then be severed In the 
event that the patellar fat pad obscures 
complete vision of the knee joint, it should 
be removed immediately, this being neces 
sary in almost every case before adequate 
exposure is obtained The crucial ligaments 
are then inspected for possible tear, al 
though in most cases it is not necessary to 
repair them if they are torn 

The knee is then brought into complete 
extension and the patella dislocated later 
ally By this maneuver the lateral compart 
ment of the knee is adequately exposed and 
the lateral meniscus may be inspected Pol 
lowing this the torn medial meniscus is ex 
posed Its anterior horn is then severed 
from the anterior transverse ligaments and 
the severed portion grasped with a heavy 
Kocher forceps By the use of cartilage 
scissors or a sharp curved Dard Parker 
knife, the meniscus is dissected free from 
the coronary ligaments binding it to the 
tibia As soon as it may be prolapsed or 
pulled into the intercondylar notch il is 
advisable to do so In this way the posterior 
attachment can frequently be exposed from 
the anterior approach and severed by using 
a long knife or scissors Sometimes a tonsil 
snare instrument will help cut the postenor 
attachment Although many surgeons feel 
that It IS not absolutely essential to remove 
the posterior third of the meniscus it is 
generally felt to be a much safer procedure 
If It IS impossible to remove the entire 
meniscus through the anterior approach, 
the separate posterolateral incision of Hen 
derson may be made In this v.ay the pos- 
terior third of the cartilage may be dissected 
free and removed without difficulty 

After removal of the medial meniscus, 
should a tear of the lateral meniscus be 


present the entire lateral meniscus should 
be removed m the same manner as the 
medial Any areas of osteochondritis of the 
femoral or tibial condyles or the articular 
surface of the patella should then be re 
moved, being shaved through by small 
strokes of a very sharp and thin osteotome 
or scalpel 

After complete exploration of the joint, 
the patella should be replaced and the knee 
joint irrigated with 400 to 500 cc of normal 
saline By doing this and moving the knee 
joint at the same time any free or loose 
pieces of cartilage may be floated to the 
surface and removed The capsule of the 
knee joint is then sutured with interrupted 
fine black silk sutures The two layers of 
the quadriceps expansion are then sutured 
independently and also the deep fascia 
The skm may be closed with either inter 
rupted or continuous lock sutures of black 
silk Sterile dressings are applied and if a 
tourniquet has been used pressure dressings 
should then be applied from the ankle to 
the groin 

This IS done by applying a moderately 
thick continuous wrapping of one inch cot 
ton batting from the toes to the groin Over 
this IS applied a continuous Ace bandage 
which exerts moderate pressure on the en 
tire leg Following this a similar layer of 
cotton batting and Ace bandage is super 
imposed upon the first one and wrapped in 
an identical manner except that a little 
firmer pressure is exerted than with the 
first wrapping The knee is always held in 
complete extension when the pressure dress 
ing IS being applied The first dressing is 
left in place 24 hours and the second for 
36, thus effecting immobilization and hemo 
stasis for the immediate postoperative 
period If a tourniquet is not used, the ne 
cessily for the pressure dressing is not as 
great, and it may be dispensed with if the 
operator wishes 

Postoperative Treatment of Torn 
Menisci Upon the return of the patient to 
his room the leg should be elevated on at 
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least two pillows. Immediately upon the 
patient reacting after the anesthesia, he 
should be encouraged and instructed to 
rhythmically contract the quadriceps mus- 
cles of the affected leg at frequent inter- 
vals. The earlier the return of quadriceps 
function, the less the muscle atrophy and 
the shorter the disability time. He should 
also be encouraged to attempt to lift his 
heel off the bed as soon as possible, as this 
is another way of obtaining early return of 
quadriceps power. After the initial discom- 
fort and pain have subsided, which is usu- 
ally within the first 36 to 48 hours, the 
patient should be encouraged to flex and 
extend his knee within pain limits. It is 
extremely important that the patient keep 
the knee in complete extension when not 
mo\’ing it, in order to prevent contracture 
of the hamstring muscles, as this produces 
an improper weight-bearing line and predis- 
poses to unnecessary joint trauma when 
beginning walking. 

If there are no contraindications or com- 
plications, the patient is allowed in a wheel 
chair on the fourth day. Walking is insti- 
tuted on the seventh day. It is advisable to 
teach the patient to walk correctly without 
the aid of cane or crutches. He should be 
instructed to stand erect with head and eyes 
up, shoulders back, hips and pelvis held 
forward, and knees straight. He should be 
taught to walk with small even steps, bear- 
ing full weight on the affected leg. Crutches 
ma}'^ be permitted for a day or two, but no 
longer than absolutely necessary ; otherwise 
the patient will become dependent on them. 

Unless there is some good reason to do 
otherwise, it is best not to dress the wound 
for at least a week following operation. The 
sutures are usually removed on the se\’enth, 
eighth, or ninth postoperative day. 

.As mentioned above, the patient should 
be on quadriceps muscle exercises from the 
day of operation until complete return of 
muscle power and size. This frequently 
takes several months. Exercising the knee 
over the end of the table, faradic electrical 


stimulation, squatting exercises, riding a 
stationary' bicycle, and short running exer- 
cises all help to develop the quadriceps. 

The patient usually may be discharged 
from the hospital on the eighth to tenth 
postoperative day, and should be seen 
weekly for the next six weeks. This is 
chiefly to prevent the development of bad 
habits in walking and to be sure that the 
muscle exercises are being carried out ade- 
quately. 

The average time of return to work after 
operation varies according to the patient 
and his occupation. Many clerical workers 
may start work 10 days to two weeks post- 
operative. A patient who does heavy work 
may be laid up for three to four months. 

LATERAL LIGAJIENTS 

Anatomy and Functions 

The function of the lateral ligaments is 
to prevent lateral instability of the knee 
joint. The internal lateral ligament prevents 
abduction of the lower leg on the upper leg 
when the knee is in complete extension, and 
the external lateral ligaments prevents ad- 
duction of the lower leg upon the upper leg 
when in complete e.ttension. The internal 
and external lateral ligaments, both menisci, 
and both cruciates are taut in complete ex- 
tension. However, only the anterior portion 
of the internal lateral ligament, both me- 
nisci, and both cruciates are taut in flexion 
while the external lateral ligament remains 
relaxed. [See comments on stability of the 
knee joint, p. 1052.— Ed.) 

The internal lateral ligament lies on the 
internal aspect of the knee joint and meas- 
ures about one and a quarter to two inches 
in width, being composed of an anterior and 
a posterior portion. The anterior portion of 
this ligament is by far the most important, 
and is constantly taut in both flexion and 
extension. The posterior portion is relaxed 
in flexion. From a surgical standpoint this 
is of extreme importance, because it is nec- 
essary to reconstruct only the anterior por- 
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tion m tears of the medial lateral ligament 

At Its upper end, the internal lateral liga 
ment is attached just below the adductor 
tubercle and at its lower end to the upper 
margin of the medial tibial condyle Hus 
ligament however, is intimately attached to 
the internal meniscus and to the capsule of 
the knee joint 

The external lateral ligament is a fibrous, 
rope like structure about the size of a lead 
pencil attached to the femoral condyle at 
its upper end and to the head of the fibula 
at Its lower end This ligament lies posterior 
to the midline of joint and is separated from 
tfie lateral meniscus by the popliteus tendon 
and a small bursa 

The internal lateral ligament is of much 
greater importance than is the external be 
cause there is a marked increase of rotation 
of the lower leg m flexion when it is cut 
One can understand why some surgeons 
occasionally feel that it is necessary to re 
pair only the internal lateral ligament but 
do not worry about tears of the external 
lateral ligament 

Lesions of Internal Lateral Ligament 

Lesions of the internal lateral ligament 
are much more common than those of the 
eiternal lateral ligament The long anterior 
portion of the ligament may suffer damage 
at either upper or lower attachment or both 
The etiology, the signs, and the symptoms 
of tears of the internal or external lateral 
ligaments are frequently similar to those of 
tears of the menisci, except that the symp 
toms are not quite so severe The patient 
usually gives a history of a severe torsion 
or forced abduction of the leg on the thigh 
with excruciating pain on the inner aspect 
of the knee There is usually no history of 
locking Hemarthrosis may occur in the 
severe cases, and, if so, it usually appears 
immediately, since the internal lateral hga 
ment is intimately attached to the medial 
cartilage A tear of the internal lateral hga 
ment u. at times accompamed by a lesion of 
the internal meniscus Examination usually 


shows tenderness at the lower end of the 
attachment of the ligament The lower leg 
may be abducted on the thigh in full ex 
tension which is normally not possible In 
chronic cases, the lateral mobility is in 
creased somewhat if there has been repeated 
trauma to the involved ligament Pain is 
usually over the attachment of the ligament 
and sometimes a bony thickening from 
ossifying periostitis can be detected Wast 
mg of the quadriceps and evidence of a 
chronic synovitis are usually a part of the 
picture 

Conservative Treatment In early tears 
of the internal lateral ligament conservative 
therapy is usually sufficient The mam ob 
jective should be functional rather than 
anatomic restitution of the affected joint 

Fisher recommends that the following 
method of treatment for the original injury 
be followed Firm elastic pressure should be 
applied to the joint at the earliest possible 
moment This not only prevents further 
extrava'-ation of blood or synovial effusion 
but also assists the absorption of any which 
may have already occurred As soon as the 
effusion has appreciably subsided and this 
IS usually after the third or fourth day he 
advises massage and gentle active motion 
These usually relieve pain and are wel 
corned by the patient When the effusion has 
entirely subsided, weight bearing may be 
commenced During the reparative stage he 
recommends that the stress be relieved by 
shifting the body weight to the outer side 
of the foot 

However, it is felt by the author that the 
rupture of the fibers of the internal lateral 
ligament are apt to give a persistent laxity 
of this ligament and imperil the function of 
the knee if external protection is not ap 
plied, therefore the routine of aspirating the 
hemarthrosis under aseptic precautions and 
immobilization in i circular plaster is rec 
ommended Weight bearing is commenced 
within three or four days to maintain the 
tone of the quadriceps It might be said that 
more attention is paid to the constant exer- 
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asing of the quadriceps within the plaster 
than to the actual treatment of the tear of 
the ligament as it is felt that the develop- 
ment of these muscles is much more im- 
portant in obtaining a good knee than is the 
immobilization. Hon ever, ne do not feel 
that the tendon can heal satisfactorily with- 
out immobilization; therefore, the plaster 
is worn for six to eight weeks. An ortho- 
pedic heel with one-quarter to three-eighths 
of an inch lift may be put on the inner as- 
pect of the shoe to shift the body weig^lt to 
the outside of the foot, and throw the foot 
into varus position. 

Operative Treatment. Frequently, con- 
servative treatment of torn internal lateral 
ligaments is not satisfactory and it is neces- 
sary to resort to operative treatment. For 
such cases many ingenious operations have 
been suggested, although it must be recog- 
nized that complete restoration to normal is 
hardly ever possible. All operations aim at 
accurate substitution of a new internal lat- 
eral ligament directly over the torn an- 
terior portion of the old ligament. (There 
are two criteria for operative interference 
in collateral ligament tears: (1) The pres- 
ence, after conservative therapy, of more 
than 10° of passive instability in complete 
extension, and (2) symptoms of clinical in- 
stability in the presence oj good quadriceps 
tone and power. Clinical instability in the 
presence of atrophy and hypotonia of the 
quadriceps should be given a thorough trial 
of quadriceps rehabilitation, with a tempo- 
rary knee cage for stabilizing purposes, 
before subjecting the patient to operation. 
See comments on stability of the knee joint 
on p. 1032 of this chapter.— Ed.) 

The following are some of the accepted 
procedures (or repair of a tom internal 
lateral ligament. 

Edwards’ Method. The tendons of the 
gracilis and semitendinosus are exposed and 
severed at the level of the medial condyle 
of the femur. The distal portions are pulled 
well forward after having been sutured 
firmly together and inserted into a groov'e 


previously made in the inner femoral 
condyle, in the line of the internal lateral 
ligament. After fixation in this position by 
a staple, the fibrous tissues of the condyle 
are then sutured over the tendons as they 
lie in the groove. The proximal ends of the 
tendons are sutured to the sartorius. In 
this manner the internal lateral ligament is 
again established. 

Cotton and SIoreison s Method. There 
IS usually a tear of the internal lateral liga- 
ment accompanying tears of the anterior 
crucial ligament. The above authors are of 
the belief that repair of the lateral liga- 
ments is much more effective than an at- 
tempt to repair the crucial ligaments, be- 
cause the crucials are so difficult to repair 
and the results so unsatisfactorj'. Conse- 
quently, they have devised a scheme known 
as the X-suture for repair of the internal 
lateral ligament, the technic of which is as 
follows. 

A strip of fascia lata is used as the 
X-suiure To avoid interference with mo- 
tion, the newly formed ligament must be 
attached near the radial center of the curve 
of the femoral joint surface if an internal 
lateral ligament is being made, and not too 
far backward or forward at the tibial at- 
tachment. To get strong mooring, the fascial 
strip must go deep under a strong bridge 
of cancellous bone. That means two holes, 
and, in order to avoid an undesirable broad 
ribbon of ligaments, it means an X<rossing 
of the false ligaments. The fascia is drami 
taut, knotted, and the knot fastened with 
gut or fine silk sutures. The whole opera- 
tion, even if both inner and outer sides are 
operated upon, can be done without opening 
the knee Joint. According to Cotton and 
Morrison, motion in three weeks and 
weight-bearing at six weeks is followed 
by excellent results. 

Carrzll’s Method. Carrell feels that 
most of the ligaments of the knee joint can 
be treated consenativelv’. However, he ad- 
mits that there are some cases in which ex- 
tensive laceration and poor management 
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make it necessary to repair the intemal 
lateral Ugament He has described the iol 
lowing operation which he uses in these 
instances 

A strip of fascia from the jholibial band 
IS reflected downward to a point just above 
the lateral condyle The strip is two inches 
wide by eight inches long The medial side 
of the knee is then exposed, and through a 
stab wound in the deeper tissues a guide 
IS passed directl> behind the femur just 
above the condjles to emerge on the lateral 
side through the vastus lateralis The fascia 


up in a straight position with plaster from 
toes to grom A walking boot is attached 
and the plaster is worn for eight weeks 
Gradual resumption of function with quad 
nceps exercises is followed for another 40 
or 60 days 

Campbell s Method A skin incision is 
made on the anteromedial aspect of the 
knee parallel with the quadriceps tendon, 
the patella, and the patellar tendon begin 
mng two or three inches above the patella 
and extending just below the tibial tubercle 
(Fig 868 A) The anterior flap of the skin 



Fio 868 (A) Internal incision parallel to patellar tendon 
which gives access to joint and internal ligament (B) Dissec 
tion of flap which is passed through a tunnel in soft tissues 
over internal condyle of tibia, one inch distal to joint (C) Flap 
drawn taut through tunnel and stitched in place (Courtesy, 
Campbell, IV C Amer Jour Surg , 43 474 ) 


IS pulled through along the guide and on 
the medial side is reflected forward to the 
center of the condyle It is then pulled di 
rectly downward to the medial side of the 
tibia On the surface of the femoral condyle 
where the fascia is in contact, a channel is 
made by introducing a broad osteotome and 
lifting backward a layer of bone and fasaa 
permitting the fascial strip to come in direct 
contact with the freshened bone Two drill 
holes are placed an inch apart on the medial 
side of the tibial tuberosity The fascia is 
split and each half pa«ses through one hole 
and emerges at the other The ends are 
secured under tension with silk ligatures 
The incisions are closed and the leg is put 


incision IS dissected up and a small incision 
IS made into the knee joint The joint is 
carefully inspected and the cartilages re 
moved if internal derangement exists 
To repair the ligament, a strip of deep 
fascia one half an inch wide and four inches 
long is dissected from the inner aspect of 
the knee from above downward to a point 
opposite the center of the intemal condyle 
of the femur An incision one inch in length 
IS then made through the lower portion of 
the deep fascia and periosteum down to the 
bone one inch below the upper extremity 
of the tibia, parallel with the line of the 
joint Parallel to this incision and one inch 
loner, over the tibia, an incision of equal 
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length is made. A hemostat is passed 
through the lower indsion dose to the bone 
and brought out through the upper indsion. 
The free end of the fasdal flap is grasped 
with the hemostat and drawn through the 
tunnel in the dense fasda and periosteum 
(Fig. 86S B). With the knee at 150® exten- 
sion and the leg forcefully adducted on the 
thigh, the fascial flap is drawn tight and 
sutured as high as possible to the margin 
of the fascia from which it has been dis- 
sected (Fig. 868 C). This proddes an ade- 


procedure which would accurately and ef- 
fectively shorten the rela.xed ligaments and 
eliminate that weakened part which is made 
up of scar tissue. In addition to this, some 
provision should be made to allow early use 
for restoration of the weakened and atro- 
phied muscles. Mauck has described the 
following technic for the repair of the in- 
ternal lateral ligament. 

slightly cur%ed anterior incision is 
made over the inner aspect of the joint 
extending from the adductor tubercle of the 



Fio. 869 Mauck’s operation for repair of lorn and relaxed internal 
lateral ligaments. Alter elevation ol internal lateral ligament with its 
bony attachment, fascial bone flap Is drawn distally as far as possible 
and anchored beneath a groove in internal condyle of tibia. (Courtesy, 
Campbell, \V. C.: Amec. Jour. Surg., 43:475 ) 


quate pulley action and re-establishes a 
light internal lateral ligament. 

If the tissues on the medial condyle of 
the tibia are not sufficiently strong to with- 
stand considerable tension, a strip o! fasda 
lata may be passed through a tunnel in the 
bone and sutured to itself. In cases where 
the fasda on the inner aspect of the thigh 
is not well developed and not suffidently 
strong for this procedure, another procedure 
such as ^lauck’s or Edwards’ operation may 
be done. Postoperative treatment indudes 
immobilization from four to six weeks in a 
drcular plaster, and then beginning gradu- 
ated easy motions. 

Mauck’s Method. Mauck feels that the 
problem consists of finding some operaU\'e 


femur to four inches below the articular 
surface of the tibia (Fig. 869 A). This is 
carried through the skin and fasda, which 
are dissected backward and forward, so that 
the structures can be retracted and the 
whole of the inner side of the capsule and 
of the head of the tibia can be expjosed. 

With a broad chisel, the inner side of the 
head of the tibia with the lateral ligament 
attached is removed and reflected upward. 
This section of bone is from one and a half 
inches to two inches in length and about 
one-half an inch thick at the articular sur- 
face and triangular in shape. At the joint 
surface, the capsule is split upward for 
about an inch at both the anterior and 
posterior margins of the bone flap. As the 
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flap of the capsule with the bone attached 
js reflected the internal meniscus will be 
seen to b“ attached to the flap but still 
bound to the head of the tibia at its anterior 
and posterior ends (Fig 869 B) After full 
reflection the cartilage is removed with a 
scissors from its attachment to the inner 
aspect of the flap To shorten the ligament 
the ligament and bone flap are drawn 
strongly downward and the point to wh ch 
the articular surface of the bone flap can be 
brought is marked by a chisel cut This 
distance averages three quarters of an inch 
The maximum is one and a quarter inches 
One quarter of an inch below this point 
a notch is chiseled into the side of the tibia 
according to the depth and width of the 
bone flap Additional bone is then removed 
from below to accommodate the flap At the 
lower end a small shelf of overhanging bone 
is left under which the lower end of the 
transplanted bone flap can be slipped and 
locked The upper margin of the area of the 
libial end is beveled upward and inward and 
the upper articular surface of the bone flap 
IS denuded of cartilage by beveling down 
ward and outward The bone flap is then 
mortised into the new bed and locked by 
slipping the lower end of the flap which 
has been slightly shortened under the over 
hanging shelf of the bone (Fig 869 C) It 
should be noted that the part of the ligament 
formed b> scar tissue is brought against the 
denuded bone of the tibial head above the 
new bed The inner surface of this part of the 
capsule should be scarified so that in healing 
It will be firm)} adherent to the bone and 
entirely eliminated from the shortened Jiga 
ment The whole bone flap can be implanted 
forward on the new bed if one wishes to 
increase the obliquity of the antenor libers 
of the ligament which might act as an addi 
tional check on any forward movement of 
the tibial head on the femur This has not 
been necessary in most of the cases After 
closure of the wound a hinged plaster is 
applied The knee is kept quiet for two 
weeks The patient is then allowed to be 


up with the use of the leg in graduated 
exercises for development of the quadriceps 
Lse of the hinged plaster is adiocated for 
SIX weeks 

Lesions of External Lateral 
LrCAUENT 

Injuries of the external lateral ligament 
are usuali 3 produced by violent adduction 
with the 1 nee extended Pam and tender 
ness are usually present over the lower 
attachments of the ligament Effusion into 
the joint rarely occurs The conservative 
treatment of this lesion is identical with 
the conservative treatment of the internal 
lateral ligament tear except that the outer 
rather than the inner portion of the heel 
should be raised so as to throw the foot 
into valgus position and thus relieve the 
strain on the lateral ligament However 
m cases with marked instability it is nec 
essary to do a reconstruction operation 

Operative Treatment Edwards has de 
vised an operation for repair of a torn 
external lateral ligament in which he trans 
plants a portion of the biceps tendon to 
the lateral femoral condyle and then rein 
forces this with a strip of the iliotibial band 

Campbell Cotton Morrison and Car 
rell s methods are all applicable to the re 
pur of the external lateral ligament as well 
as the internal It must be remembered that 
the important part of reconstruction of the 
lateral ligament is not the actual tendinous 
reconstruction but rather the muscular sup 
porting mechanism about the knee joint 
In other words the stabilizing structures 
must be developed to a very high degree to 
give adequate and complete support to the 
knee joint In conjunction with this a re 
pair of the lateral ligiment may be of 
advantage but without the muscular power 
the repair of the ligament is of very little 
benefit 

The postoperative treatment of torn in 
temal and external lateral ligaments is 
essentially the same as that used in cases 
of tears of the menisci 
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CRUCIAL LIGA^^IENTS 
Anatoiiy and Functions 

The crucial ligaments give stabilization 
chiefly in the anteroposterior direction. The 
anterior crucial ligament arises posteriorly 
from the interior surface of the external 
condyle of the femur and extends down- 
ward, forward, and inward to be inserted 
at its lower or anterior end to the anterior 
intercondylar area of the tibia and the ad- 
jacent portion of the anterior tibial spine. 
The posterior crucial ligament arises just 
forward on the outer surface of the inner 
femoral condyle and extends outward, back- 
ward, and downward, crossing the anterior 
crucial ligament, and attaches at its lower 
extremity to the posterior intercondylar 
area of the tibia. 

The functions of the crucial ligaments 
have been described very well in an article 
on mechanics of the knee joint by Branti- 
gan and Voshell in the Journal of Bone and 
Joint Surgery, vol. 23. The function of the 
anterior crucial ligament is to prevent for- 
ward gliding or displacement of the tibia 
upon the femur beyond normal limits in 
the flexed position. The posterior crucial 
ligament prevents posterior displacement 
of the tibia on the femur beyond normal 
limits in the flexed position. It is a well- 
known fact that both crucial ligaments may 
be cut and the knee will be stable in exten- 
sion because of the function of the lateral 
ligaments. The crucial ligaments in them- 
selves prevent internal rotation of the tibia 
on the femur because in this action the 
cruciales twist or become taut on each 
other. However, in external rotation the 
cruciates have no limiting effect because 
they have a tendency to untwist upon each 
other. It also has been shown that the an- 
terior crucial and the internal lateral liga- 
ments lend more support to the knee joint 
than the posterior crucial or the external 
lateral ligament. Therefore, it is readily 
seen that the greatest function of the cru- 
cial ligaments is in the restricting of hyper- 
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flexion, hyperextension being limited by the 
lateral ligaments. 

Ruptuues 

One will remember that the same mecha- 
nism that causes a tear or fracture of the 
internal meniscus, if carried through to its 
end, will usually cause a tear of the anterior 
crucial and internal lateral ligaments. Some- 
times one, or both, or all of these may be 
injured. Rupture of the external lateral and 
posterior crucial ligaments, and the external 
meniscus is rare because the mechanism 
causing this type of injury is comparatively 
rare. It will also be remembered that the 
crucial ligaments pre%’ent anterior and pos- 
terior displacement of the tibia on the femur 
while the lateral ligaments prevent any 
lateral instability of the lower leg on the 
upper leg in complete extension. Therefore, 
any repair must be done with the idea of 
re-establisbing the normal anatomic rela- 
tionship of the torn ligament. 

Although a rupture of the anterior cru- 
cial ligament is most commonly produced 
by violent internal rotation of the femur on 
the tibia with the knee flexed, it may also 
be produced by forcible extension. It is 
possible to have a stretching of the anterior 
crucial without a complete severance. The 
characteristic sign is displacement of the 
tibia forward on the femur when the knee 
is flexed. The patient complains of insta- 
bility of the knee but does not have the 
locking which is characteristic in tears of 
the menisci. There is an abnormal arc of 
rotation either of the femur inward or the 
tibia outward following a tear of this liga- 
ment. 

The mechanism of a rupture of the pos- 
terior crucial ligament is exactly opposite 
to that producing a tear of the anterior 
crucial ligament. It is usually produced 
either by extreme flexion with displacement 
of the tibia backward or by external rota- 
tion of the femur on the tibia. This lesion 
occurs much less frequently than tears of 
the anterior crudal. TTie characteristic sign 
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is displacement of the tibia backward on the 
femur when the knee is flexed to right 
angles. Honever, the subjective symptoms 
are identical with those found in tears of 
the anterior crucial. 

Conservative Treatment. The general 
consensus is that operation for crucial liga- 
ment tears is not wholly satisfactory and 
that the conserv’ative method of prolonged 
immobilization is the most practicable. 

Any e-xisting block to extension must first 
be reduced. This may be accomplished by 
closed manipulation, as described under the 
section on tears of the medial meniscus, or 
by open operative procedures. After this, 
the leg should be encased in a circular plas- 
ter extending from the groin to the ankle 
with the knee in complete extension. The 
knee should be immobilized for a period of 
five to six weeks during which time exer- 
cise of the quadriceps and other musdes 
must be instituted. After removal of the 
plaster, the mobility of the joint may be 
restrained to a certain extent for some 
weeks by the wearing of a hinged knee 
cage, and by raising the inner side of the 
heel and sole of the shoe to relieve strain 
upon the internal lateral ligament. 

Operative Treatment. Many surgical 
procedures have been advised for repair of 
the crucial ligaments, but, generally speak- 
ing, the results have not been entirely satis- 
factory. Suturing the crudal ligaments in 


fresh cases is extremely difficult due to 
the fact that in the majority of cases the 
rupture occurs so near the bone that suture 
is impracticable. Sir Robert Jones and 
R. Lovett stated: 

The writers have examined several of these 
cases of ruptures of the crudal ligaments 
without having seen a perfect result, but 
sewral have been much improved. The opera- 
tion is usually grave and requires highest 
craftsmanship, and should never be under- 
taken without a sense of grave responsibility. 

Some of the outstanding surgical proce- 
dures for repair of the crucial ligaments 
follow. 

CuBBiNs’ Method (Both Ceuciai. Liga- 
ments). After a thorough preparation of 
the involved knee and the use of a tourni- 
quet to give the operator a bloodless field, 
a posterolateral incision 12 inches long ex- 
tending from well above the middle of the 
thigh down to one inch below the bead of 
the fibula is made (Fig. 870 A). The bi- 
cipital aponeurosis is dissected off the mus- 
cle to the true tendon and about one-third 
of the true tendon is separated dorni to lie 
head oi the fibula. Then a strip of the pos- 
terolateral portion of the vastus lateralis 
fascia is picked up and dissected down to 
exactly opposite the lateral condyle (Fig. 
870 B). After this step, the knee joint is 
opened through a median parapatellar inci- 
sion (Fig. 870 C). A Jl-inch drill opening 


Fic. 870. (A) View of thigh, showing bones and muscles in outline and line of incision. 
Aponeurosis and tendon of biceps femoris shown in while. 

(B) Primary incision, beginning dissection of fascia strip from vastus lateralis and removal 
of aponeurosis from biceps femoris. Note width of fascial strips and points to which they are to 
be dissected. 

(C) Incision medial to side of patella. Anterior surface of knee joint. 

(D) Bones shown in outline. Note pwints at which drills are inserted from without in. 

(E) Fascial strips have been dissected to thdr lowest points and strip of fascia from vastus 
lateralis has been slightly twisted and drawn through opening in posterior portion of lateral 
condyle. 

(F) Point at which slightly twisted aponeurosis and tendon of biceps are carried up beneath 
popliteus and bteral to outer head of gastrocnemius and peroneus communis ners'e. 

(G) A portion of new anterior cruciate as U passes between condyles, and position where 
new posterior cruciate is buried in osteoperiosteal bed beneath sjmoWa. 

(H) Tendons in outline and their relations in intercondylar notch. Note how terminal por- 
tion of new tendon is buried in osteoperiosteal bed. 

(Courtesy, Cubbins, Conlej-, Gallon, and Scuderi: Surg., Gynec., and Obstet., 54 :299-50S.) 
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IS now made through the medial condyle at 
its anterior and upper portions above the 
cartilaginous line obliquely back and down 
to the upper portion of the intercondylar 
notch Another drill hole is made in the 
medial surface of the tibia just in front 
of the anterior spine The lateral incision 
IS then re opened and a hole is drilled 
through the posterior portion of the lateral 
condyle just above the collateral libular 
ligament extending transversely into the 
knee joint entering at the upper posterior 
portion at the point ivhere the anterior 
crucial ligament originates (Fig 870 D) 
The fascial strip from the vastus lateralis 
which is to form the anterior crucial hga 
ment is drawn through the hole m the 
lateral condyle just above the collateral 
fibular ligament (Fig 870 C) The biceps 
tendon fascia which is to form the posterior 
crucial ligament is earned laterally to the 
head of the gastrocnemius and then beneath 
the tendon of the popliteus to where it is 
pushed through the posterior ligament of 
the knee joint (Fig 870 F) The anterior 
rucial ligament is then threaded down 
ward and forward through the head of the 
tibia and the posterior crucial is pulled up 
through the medial condyle (Fig 870 G) 
The ends of these re formed ligaments are 
then sutured to the periosteum of the femur 
and tibia (Fig 870 H) After this proce 
dure the knee joint is closed and the limb 
is supported at an angle of 25® flexion 
A circular plaster is applied from the groin 
to the ankle which is left in place for four 
weeks At the end of six weeks active mo 
tions are allowed No attempts at walking 
are allowed until the end of 14 weeks A 
brace is then fitted and worn for another 
SIX to eight weeks 

Stricklcr s Method (Both Crucial 
Ligaments) A long incision is made over 
the external surface of the thigh extending 
from just above the knee joint well up on 
the thigh to allow for a good long liberal 
strip of fascia lata The defect in the fascii 
lata caused bj removing this strip is dosed 


with chromic gut No 2 This leaves the 
fasaal strip free at the upper end and still 
attached near the knee joint The knee joint 
is then opened by a medial parapatellar 
inasion The muscles above the external 
condyle of the femur are separated by blunt 
dissection down to the bone A drill about 
the size of a lead pencil is passed through 
the femur from a point above the external 
condyle of the femur to the middle of the 
intercondylar notch then with the knee 
flexed to a right angle and the knee joint 
open the same drill is passed from a point 
anterior to the tibial spine in the direction 
of a point on the tibia just below the cap 
sule of the knee and slightly anterior to 
the neck and head of the fibula The strip 
of fascia IS passed through the holes in the 
tibia and femur and is then pulled through 
the knee joint fairly snugly with the knee 
joint extended The medial parapatellar in 
cision is then closed The strip of fascia 
IS now passed externally over the joint 
capsule lateral to the patella and fastened 
to Itself at the point where the fascia en 
tered the femur above the external condyle 
The knee joint is then closed in layers 
To maintain extension of the knee joint 
a circular plaster from toes to groin is ap 
plied and worn for six weeks After this 
time the patient is fitted with a simple leg 
brace After eight weeks gradual motion is 
started in the knee joint with gentle mas 
sage Six months after operation the patient 
should be getting around satisfactorily 
Stnckler claims that this operation works 
equally well in ruptures of either anterior 
or posterior crucial ligaments 
Campbells AIetiiod (Anterior Crucial 
Ligament) A longitudinal curved incision 
about SIX inches in length is made parallel 
with the quadriceps tendon Dissection is 
made into the joint and the joint inspected 
Repair of the anterior crucial is made by 
dissecting a long pedicle of fascia capsule 
and tendon from the lateral edge of the 
inasion one third of an inch in diameter 
and eight inches in length It is dissected 
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from the above downward to the attach- 
ment of the capsule to the tibia. A 6-mm. 
drill hole is then made from a point on the 
anterior internal surface of the inner tuber- 
osity of the tibia about one and a half inches 
below the joint to emerge at the normal 
attachment of the anterior crucial ligament. 
The same drill is then inserted into the 


beyond the external drill hole and the fascia 
is sutured snugly to the periosteum. Both 
wounds ate now closed and a posterior 
splint applied with the knee in full e.xten- 
sion, nhich further increases the tension on 
the new ligament. 

The after-treatment consists in fixation 
by a posterior splint for a period of three 



Fig. 871. {Left) General utility incision for exploration of knee 
joint. (Courtesj, Krida, A.: Jour. Bone and Joint Surg., 15:S9S.) 

Fic. 872. A long strip of fascia lata is secured and allowed 

to remain attached at its lower pole. (Courtesy, Krida, A • Jour. 
Bone and Joint Surg., 15:899.) 


intercondylar notch and driven through the 
posterior portion of the e.xtemal condyle of 
the femur to emerge under the skin above 
and posterior to the external condyle. A 
three-inch incision is then made over the 
point of the drill with dissection down lo 
the bone at this point. The newly formed 
pedicle of fascia is now drawn through the 
already made holes. The fascia is drawn 
taut with the knee at an angle 140* in 
fie.rion. Three inches of the strip e.xtend5 


weeks when active and passive motion is 
instituted The author reports excellent re- 
sults with this method. 

KsidVs Method (Atitesior CRua«. 
Ligament). The technic is based on the 
Hey-Groves and Alwjm Smith method. A 
median parapatellar incision is made and 
the patella is displaced over the external 
condyle (Fig 871). The operation is done 
under a tourniquet placed as high on the 
thigh as possible. After the joint has been 
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exposed and the pathology determined a antero internal face of the tibia (Fig 873) 
separate long incision is made on the outer Here it is unrolled pulled quite tight with 
side of the thigh (Fig 872) A strip of the joint flexed about 20 and is sutured 
fascia lata at least ten inches long and an firmly to the periosteum The remainder of 
inch and a half wide is stripped from above the strip is reflected upward on the intern-il 
downward leaving the lower attachment condyle of the femur The bone is bared and 
intact A cord is made of the strip by roll the synovia is sutured over the strip (hig 
mg its sides together The patella is then 874) In this way the anterior crucial liga 
displaced and the joint is flexed to a riedit ment has been re established and the in 



Fio 873 {Left) Course of fascial strip through bone tunnels of knee joint (Courtesy 
Knda A Jour Bone and Joint Surg 15 900 ) 

Fig 874 {Right) End of fascial strip is used to reconstruct lateral ligament (Courtesy 
Knda A Jour Bone and Jo nt Surg IS 900 ) 


angle A quarter inch drill hole is made 
through the external condyle in a direction 
from above downward terminating pos 
tenorly in the intercondylar notch A second 
drill hole is made through the internal tu 
berosity of the tibia from within outward 
terminating at the anterior insertion of the 
anterior crucial ligament The lower por 
tion of the long incision is then again ex 
posed \n opening is made through the 
vastus externus into the joint The fascial 
strip is then pulled through The strip is 
then pulled successively through the femoral 
and tibial drill holes terminating on the 


temal lateral ligament has been re enforced 
The knee is immobilized for three weeks 
in 20® flexion Physical therapy measures 
are then directed to the development of the 
quadriceps walking at first with support 
then with no brace ISo passive motion is 
used but the patient regains his motion and 
use by voluntary exercise 
Carrelvs Method (Anterior Crucial) 
The entire lower extremity is prepared and 
before application of the tourniquet the 
strip of fascia is reflected from the outside 
of the thigh The incision extends from the 
lateral condyle along the outside side of the 
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thigh for a distance sufficient to reflect a 
strip of fascia eight inches in length and 
tvvO inches in width dowm^ard to the con- 
dyle. The base of the strip remains attached 
at the loner end. 

Through a medial parapatellar incision 
the joint is inspected and any additional 
surgical procedure that may be necessaiy 
is carried out. The lateral incision is again 
exposed and a deeper incision is made 
through the vastus lateralis to reach the 
posterolateral surface of the femur just 
above the condyle. With this in view, the 
operator passes a carrier directly through 
the anterior incision into the joint which 
is made to penetrate the posterior capsule 
and to emerge in the lateral incision. The 
strip of fascia is then threaded into the 
carrier and pulled through the knee joint. 
WTien properly placed, it passes from its 
base immediately deep to the femur and 
then around the femur against the e.vpand* 
ing portions of the condyle to pass over 
the normal attachment of the anterior cru- 
cial ligament. A drill hole is made through 
the tuberosity of the tibia, starting just 
anterior to the tibial spine The ligament 
is pulled through, and under firm tension 
with the knee at 170° it is fastened securely 
with silk ligatures to the anteromedial side 
of the tibia. iMien indicated, the end is 
continued upward on the medial side of the 
knee to lend additional support to the 
medial ligament. The knee wound is then 
closed in lajers. The knee is put up in 
plaster in a position of 170° for four weeks. 
A brace is then fitted and e.xercises starting 
gradual extension of the leg are instituted 
The brace should be worn for from S to 12 
weeks. 

Gm.he and LeMesurier’s Method (Pos- 
terior Crucial Ligament). The authors 
feel that the follon-ing method of repair 
has distinct merit because (1) the opera- 
tion is less traumatizing, (2) the possibility 
of a late developing traumatic arthritis is 
reduced, (3) the time of the operation is 
lessened, and (4) the newlv formed dos- 
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tenor crucial ligament is entirely sub- 
sj^iovial. 

1. The patient is first placed on his ab- 
domen and the invohed leg prepared for 
operation. Through a long medial incision 
which extends posteriorly to the upper por- 
tion of the calf, the tendon of the semi- 
tendinosus is exposed and isolated. It is 
then detached from the muscle as high as 
possible in the thigh and stripped downward 
to its insertion. 

2 . Through the superficial portion of a 
parapatellar incision, the insertion of the 
semitendinosus is exposed on the inner sur- 
face of the upper end of the tibia and the 
entire tendon drawn through to the front of 
the leg from beneath the sactorius. 

3 The lower portion of the posterior 
medial incision is then deepened and the 
space between the gastrocnemius muscles 
located and nidened until the posterior liga- 
ment of the knee joint and upper portion 
of the posterior surface of the head of the 
tibia come into vieu. X^essels and nerves 
are then retracted to the outer side. A 
quarter-inch hole is drilled obliquely down- 
nard and forn-ard, starting from the pos- 
terior surface of the tibia just slightly ex- 
ternal to the midline, and close to the at- 
tachment of the posterior crucial ligament 
to the bone. The drill emerges on the in- 
ternal surface of the tibia close to the 
insertion of the semitendinosus. The cut 
end of the tendon is then threaded through 
the newly formed drill hole by the use of a 
bodkin, whicli thus presents the cut end of 
the tendon posteriorly. 

4. A median parapatellar or split patellar 
inosion is made after the patient has been 
turned on his back and the knee fle.xed over 
the end of the table at right angles. The 
bodkin is then pushed from behind forward 
through the posterior capsule and ligament 
of the knee at a point just above the hole 
in the head of the tibia and within the 
sheath of the posterior crucial ligament. 
The bodkin is then pushed forward until it 
nresents throuah the svnovial membrane 
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at Its most anterior attachment to the 
internal condyle of the femur 

5 A small mcisior is now made over the 
subcutaneous portion of the internal con 
dyle of the femur and a quarter inch drill 
passed through the bone so as to enter the 
joint at the exact spot at which the bodkin 
had punctured the synovial membrane over 
the insertion of the posterior crucial liga 
ment Flexible wire is then fastened to the 
end of the tendon after removal of (he 
bodkin and pulled through the medial 
femoral condyle In this manner the entire 
tendon is subsynovial 

6 The knee is then completely extended 
the tendon drawn taut and sutured to the 
internal lateral ligament The wound is 
closed m b <*rs with silk 

7 Tne knee is kept tn complete exten 
Sion for a period of two months after which 
time the plaster is removed and the knee 
mobilized At first there is very little mo 
tion due to the prolonged immobilization 
but within a period of two weeks the pa 
tient has regained about 100* of motion 
in the knee and the authors state (hat im 
provement is gradual but definite for a 
number of months thereafter 

Campbell s Method (Posterior Crucial 
IicAMENTj The knee is prepared in the 
usual manner A segment of the quadriceps 
and patellar tendons and capsule eight 
inches in length is dissected down as in ihe 
operation for repair of anterior crucial liga 
ments A quarter inch drill is passed through 
the tibia just below the articular surface 
from Its anteromedial to its posterolateral 
aspect and the drill point exposed by blunt 
dissection through a posterolateral inasion 
The strip of tendon is drawn through (he 
tibia and its free end pushed through the 
posterior capsule to the normal attachment 
of the ligament into the anterior compart 
ment of the knee A drill hole is then made 
through the medial femoral cond>Je to the 
normal anterior attachment of the posterior 
crucial ligament and the free end of the 
new ligament is drawn through and sutured 


to the upper border of the internal lateral 
ligament through a third small incision 
[There are detailed here numerous oper 
ative procedures They vary little if at all 
m principle but rather in technical details 
Each of them is reported as being a satis 
factory procedure It can be safely said 
however that in general they are being 
used less and less and are today reserved 
for cases which resist intelligent conserva 
tive attempts to gain knee joint stability 
through re establishment of muscle balance 
See comments on knee joint stability p 
1052 this chapter Ld ] 

ALAR FAT PAD 
Anatomy and Junctions 
The alar or infrapatellar fat pad lies 
beneath the patellar tendon and acts as a 
cushion and as a lubricator of the joint 
proper 

Hyperiropiiy 

The most common internal derangement 
affecting the fat pad is hypertrophy of this 
part It is generally believed that the cause 
of this condition is either repeated trauma 
in cases of young individuals or a chronic 
arthritis of the knee joint in cases among 
the older age groups As a result of these 
conditions the fat pad is enlarged fibrous 
thickened and in some cases partly calci 
fled In cases in which the quadriceps have 
become atrophied from disuse or disease 
the pad is often pinched during the act of 
extension This causes hemorrhagic areas 
in the region of the fat pad which some 
times become fibrolic 
The signs and symptoms of hjperfro 
phied alar fat pads usually consist of pain 
behind the ligamentum patellae dull ache 
behind the patella especially after walking 
or extreme exercises and stiffness or weak 
ness of the affected joint Fisher reports 
th-al with recurrent attacks of injury to the 
alar fat pad a sudden stabbing pain or 
sensation of giving way of the joint not 
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usually amounting to true locking, may 
occur. 

On examination, swelling about tbe patd- 
lar tendon and tenderness to deep pressure 
on either side of the ligamentum patellae 
are found. This tenderness persists when 
the knee is brought into complete extension. 
Another condition nhich exists coincidental 
with hj-pertrophic fat pads is a marked 
atrophy of the quadriceps muscles. 

In spite of the seeminglj’ obnous signs 
and sjTnptoms, the diagnosis of an injured 
alar fat pad is not a simple matter. Very 
frequently the surgeon is not aware of the 
presence of the lesion until the lime of ex- 
ploration. Not uncommonly diagnosis of a 
torn meniscus is made only to find a pinched 
alar fat pad as the offending lesion. 

Treatment. As Sir Robert Jones, Fisher, 
and Osgood have pointed out, the main 
object of the treatment is to prevent fur- 
ther injur>’ to the alar fat pad. A number 
of forms of treatment have been suggested 
for this condition, among which are raising 
the heel on the affected side so that the knee 
cannot go into complete extension, thus pre- 
venting further pinching of the fat pad. 
The same result may be obtained by wear- 
ing a caliper brace with a lock limiting 
e.xtension about 20", as described by Jones 
and Lovett. It must constantly be kept in 
mind that exercise of the quadriceps is im- 
perative so as to increase the pull of these 
muscles on the capsule during the process 
of extending the joint. This pull is trans- 
mitted to the alar fat pad, and consequently 
is a \ety definite aid in redudng internal 
trauma. A \-aIuable suggestion made by 
Osgood is that all exercises should be done 
without weight-bearing in order to prevent 
any further squeeze of the fat pad. 

If the sjTnploms do not disappear in a 
reasonable period of time by using con- 
servative methods, it becomes necessary to 
remove the fat pad surgically. One can 
make either a medial parapatellar incision 
for complete e.xploration of the knee Joint 
as recommended by Darrach and others, or 
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a small medial or lateral incision depending 
tqion the area of symptoms. Because of the 
difficuUy in diagnosing these conditions, the 
larger incision is recommended. A good ex- 
posure is essential, and as no functional 
disability results it is advisable to do a 
complete removal of the fat pad. 

The after-treatment of such a condition 
is the same as that recommended for torn 
medial menisci. 

TIBLAL SPINE 
Anatoxiv and Function's 

Tbe libial spine is an intercondylar bony 
emineD<^ to which the anterior crucial liga- 
ment is attached. The mechanism which 
produces internal derangements relative to 
this structure is usually the same as that 
which causes a tear of the anterior crucial 
or a tear of the medial meniscus. 

Injuries 

Injuries o! the tibial spine are considered 
in the same group as ruptures of the autial 
ligaments. It will be remembered that the 
anterior crudal ligament attaches to the 
inner of the two tibial spines. Avulsion of 
the tibial spine is produced by the same 
mechanism which produces a rupture of the 
anterior crucial ligament. If the tibial spine 
is avulsed, the anterior crucial ligament 
usually is not ruptured. 

The signs and symptoms are identical 
with those of tbe anterior crucial ligament 
tear, but the most characteristic sign is a 
firm bony block to full extension. This is 
in contrast to limitation of extension caused 
by a tom meniscus where tbe block to ex- 
tension is cartilaginous in type. Usually an 
avulsion of the tibial spine will be accom- 
panied by a tear of the internal lateral liga- 
ment. The lower leg can be hj’perextended 
upon the upper leg and the tibia displaced 
forward. 

Treatment. The method of treatment of 
crudal ligament tears and avulsion of the 
tibial spine certainly has not been definitely 
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agreed upon Probably the most important 
factor in treatment is building up the 
quadriceps extensor muscles so that they 
compensate to a marked degree for the 
weakness and instability caused by the loss 
of action of the crucial ligaments Conserva 
tive treatment should certainly he ined for 
a period of time rather than immediate 
operative intervention 

If fractures of the tibial spine can be ade 
quately reduced and held in position by 
complete extension of the lower leg upon 
the femur conservative methods of immo 
bilization by plaster from groin to ankle 
are indicated 

In cases where adequate reduction can 
not be accomplished operative intervention 
through a medial parapatellar inasion is 
indicated The tibial spine should be su 
tured back into normal position by use of 
fine strong wire After operation the knee 
should be immobilized for five to six weeks 
in circular plaster to allow the bone to 
firmly unite in normal position 
[Gross displacement with instability of 
the joint 15 the indication for operation — 
Ld] 

OSTEOCHONDRITIS AND LOOSE 
BODIES IN KNEE JOINT 
The etiology of loose bodies in the knee 
joint IS manifold Loose bodies may be 
masses of uric acid salts osteomyelitis se 
questra Upotcia tumors of the capsules as 
m chondromatosis hypertrophic synovial 
villi clots which are organized hcmangi 
omas or fragments of torn menisci The 
classic condition of osteochondritis dis 
secans also falls in this group 
The condition usually exists m patients 
between 30 and 40 years of age and the 
patient himself can usually tell that he has 
a loose body in the knee There usually is a 
history of injury and most frequently a 
torn meniscal type of injury There is usu 
ally locking with intervals between the 
episodes though the locking is not so severe 
as in torn menisci and the pam is often 


referred to different parts of the joint rather 
than localized as in the case of a torn 
meniscus One should always obtain a two 
plane x ray of the involved joint prefer 
ably anteroposterior and lateral stereo 
scopic views in order to determine the 
exact location of the loose body If purely 
cartilaginous u cannot be visualized 
Treatment Treatment consists of sur 
gical removal so as to prevent progressive 
injury to the knee joint If a loose body is 
left for any period of time within the joint 
definite traumatic arthritis will inevitably 
result The presence of loose bodies causing 
symptoms is usually sufficient evidence to 
warrant an arthrotomy 
The best approach is a wide parapatellar 
incision designed for complete exploration 
If the loose body is in the posterior com 
partment the procedure necessary to bring 
it into view IS to extend the knee and then 
knead it upward in the hope of pushing the 
body into the suprapatellar pouch How 
ever if the offending body cannot be found 
through the anterior incision by the ex 
posure already mentioned a posterolateral 
incision as proposed by Henderson (see 
knee joint approaches earlier in this chap 
ter] may be used for exploration of the 
posterior chamber Posterolateral incisions 
are made with the knee flexed to a right 
angle thus relaxing the posterior capsule 
\ semilunar incision with the convexity 
awtervorly or posteriorly may be made m 
the skin and a straight incision parallel with 
the longitudinal axis of the leg made m the 
capsule The incision on the external aspect 
is just outside the biceps tendon and on 
the internal aspect is just anterior to the 
tendon semitendinosus After the skin inci 
Sion has been made the knee is moderately 
flexed so as to draw the tendon out of the 
way and make the capsule readily acces 
sible After removal of the loose body no 
postoperative immobilization is required 
As soon as the incision is healed the pa 
tient IS started on active motion so as to 
keep up the quadriceps extension power and 



BIBLIOGRAPHY 


1077 


maintain good stabilization through the 
ligaments and muscles of the knee as is 
done after meniscus removal, JAt the 
time of removal of the loose body, all hj'per- 
trophic spurring should be removed, degen- 
erated or softened areas of articular car- 
tilage should be shaved down to normal 
tissue, and any other pathologic finding 
should be taken care of.— Ed.] 

HYPERTROPHIC CHANGES IX 
KNEE JOINT 

Hj’pertrophic changes usually occur in 
people about 40 years of age mth a history’ 
of arthritis from one cause or another. The 
presence of hypertrophic changes is charac- 
terized by recurrent sudden attacks of pain 
nhich is not of a severe nature. There is 
usually a marked effusion into the joint 
with localized snelling on both sides of the 
patellar tendon. Severe attacks of lockitvg 
do not occur, but interference with free 
joint motion is frequently noticed. Motion 
usually gives pain. Palpation reveals the 
joint capsule to be thickened and the local- 
ized swelling to be of a variable degree 
of resistance. There is slight tenderness on 
deep pressure as well as marked crepita- 
tion. There is often an increased blood sedi- 
mentation rate. Not infrequently the pa- 
tient suffers from a generalized rheumatoid 
arthritis. 

Treatment. The conservative type of 
treatment in such cases is chiefly protection 
of the involved joint. Strapping of the an- 
terior aspect of the knee with adhesive tape 
is efficient in moderate cases though a pos- 
terior molded splint is often used lo effect 
immobilization. Complete rest and the elim- 
ination of any possible foci of infection is 
always advisable in addition to building up 
the patient’s general resistance. If thesjanp- 
toms remain severe after a reasonable 
course of nonoperative treatment, operative 
intervention with joint debridement as rec- 
ommended by Magnuson must be consid- 
ered. [For further details of (he handling 
of arthritic joints see Chapter 15.— Ed.] 
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Fractures of Shafts of Tibia and Fibula 

Ralph G. Carothers, M.D. 


VARIETIES AND DIAGNOSIS 
These fractures may be of any variety 
from simple fractures of the shaft of one 
bone with no displacement, to long spiral 
fractures, severely comminuted fractures, or 
section fractures. In no pair of bones do 
such combinations of fractures occur at 
such different levels, and the diagnosis is 
never certain unless the whole of the shaft 
of each bone has been seen in the x-ray 
ftlm. The deformity may %aT>' from none at 
all to marked overriding angulation and ro- 
tation In addition to an accurate diagnosis 
of the bone injury’, the character of the 
nerve and blood supply of the foot must 
be investigated and noted 

TREATMENT 

The sooner the treatment is initiated the 
better. It makes little difference which of 
the methods of treatment about to be de- 
scribed is contemplated. There is nothing 
to be gained by delay. Blebs may form 
quickly in any of these cases, thus eliminat- 
ing the possibility of open reduction, in- 
creasing the hazard of the use of pins and 
making it necessary’ to pad, thus diminish- 
ing the effectiveness of a circular plaster. 
In addition, it must not be forgotten that 
the tibia lies just under the skin, and a sim- 
ple fracture may become compounded while 
the leg is supposedly firmly fixed in a tem- 
porary’ splint. 

The treatment, of course, consists of re- 


duction, fixation, and finally restoration of 
function, but as there is considerable over- 
lapping in these three phases of the prob- 
lem, they will be considered together as 
follows (1) The plaster method, (2) the 
pin-fixation method, and (3) the internal 
fixation method 

1. Manipulation and Plaster. The use 
of plaster alone is applicable when there is 
little or no deformity, or after the deformity 
has been corrected by manipulation In such 
a case the plaster should be applied directly 
to the skin, and should extend from beyond 
the toes to the groin, with the ankle 
squarely at a right angle, and the knee 
flexed to about 133". 

fit may be safely said that no fracture 
of both bones of the leg, immobilized by 
plaster alone, should have the knee free 
before beginning union can be at least clini- 
cally demonstrated. The knee should invari- 
ably be flexed to an angle of at least 135" 
under the following conditions: (1) Any 
obliquity to the fracture line, (2) any com- 
minution, including a single intermediate 
fragment, and (3) any tendency to slip In 
a transverse fracture during reduction or 
during the application of the leg portion of 
the circular plaster or of the molded splints. 

It is the opinion of manj’ men experi- 
enced in fracture treatment that flexion as 
described is desirable in all fractures of 
both bones of the leg in which reduction 
has been necessary. — Ed.] 
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Fig 87S A Left tibia and fibuh anterior \iew (Courtes> 'Morris Human Anatomy edited 
by J P Schaeffer, lOtb ed , Philadelphia The BlaKiston Co ) 
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PosteriM intereoailTlatl (ossa 



Fic. S75 B. Left tibia and fibula, posterioi view. (Courtesy, Morns’ Human Anatomy, edited 
by J. P. SchaeHer, lOib ed., Philadelphia, The Blakiston Co.) 
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A simple method of applying such a plas 
ter encasement is for one assistant to sup 
port the foot by placing the palm of one 
hand under the heel and with the other to 
grasp the toes A second assistant supports 
the limb at the site of the fracture with 
both hands A narrow strip of sheet wad 
ding should surround the leg at the level of 
the fracture in order that the plaster may 
be cut at this point for wedging should 
angulation occur while the plaster is being 


the plaster maybe light and yet quite strong 
When the wrapping is finished the leg 
should be placed on a pillow and the assist 
ant should continue to support the ankle in 
Its position until the plaster has dried If 
the pillow is of rubber or of any other 
waterproof material either a blanket or 
man> lasers of newspaper should be m 
serted between the rubber and the plaster 
to absorb the moisture Films are made as 
soon as possible and if any angulation has 



Fig 876 Two x rays ol same leg only one of wh ch 
shows lower fracture of tib a If x rays are incomplete 
It is \ety easy lo overlook second and thud fractures 


applied A long slab of plaster is applied 
to the posterior surface extending irom 
beyond the toes to a point high on the thigh 
and the encasement completed by smoothly 
wrapping on suffcient plaster bandages 
The two assistants can carefully shift hands 
back and forth as the plaster is being ap 
plied so that there is never any loss of 
support and at the same time there is no 
direct pressure at a single point which 
might later cause a pressure sore The pos 
tenor slab should be at least eight layers id 
thickness and should be well rubbed before 
application Each turn of the bandage 
should be well rubbed in and if this is done 


occurred the plaster should be cut two 
thirds of Its circumference at the level of 
the fracture The center of the uncut part 
should be directly over the point of the 
angulation The encasement is then wedged 
and sealed (Fig 878) 

V method of applying a circular plaster 
to fractures in which reduction has not been 
necessary is to sit the patient on a table 
with his leg hanging over the edge The 
foes rest on the surgeon s knee In this 
position the plaster is run up to the tuber 
cle of the tibia When this part of the phs 
ter has set the encasement is extended well 
up the thigh with the knee moderately 
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flexed. It is wise, w hen applying the plaster 
in sections, to place a narrow strip of sheet 
wadding under the edge of the first section 
before applying the second The new posi- 
tion the leg assumes when the second half 
of the plaster is applied may otherwise 
permit the first half, now already dry'j to cut 
into the skin at its edge (Figs. 879 and 8SO). 

The patient is put to bed with the whole 
leg elevated, and close watch is kept for dt- 
culatorj disturbances of the toes. Ordinar- 
ily It 13 not necessarj’ to split such a plaster, 
but if too much swelling occurs, splitting 
can most easily be accomplished by running 
a plaster cutter down the front of the thigh, 
passing then between the patella and the 
condyle of the femur, and then down the 
side of the leg to a point behind the mal- 
leolus. Starting again on the side of the foot, 
another cut is made to meet the first in the 
space just under the malleolus Thus the 
plaster is cut in its thinnest part and bony 
prominences are avoided. 

.■\nj’ of the above-described encasements 
mav be considered satisfactory for fractures 
of the leg They are applicable in any case 
in which an accurate reduction has been ac- 
complished, correcting all deformities, in- 
cluding rotation But the application ma> 
be further varied under certain circum- 
stances. If the fracture is of the transverse 
variety, the knee may be splinted at 170® 
instead of 135° and a walking iron or heel 
applied within a week. But if the fracture 
is oblique or comminuted, the knee should 
be flexed to about 135°. If the fracture is 
purely transverse and above the junction of 
the middle and upper thirds, the foot part 
of the plaster may be eliminated. This type 
of encasement must be skin-tight except at 
the lower edge, where a circular strip of 
thin felt or sheet wadding about one inch 
wide is used to protect the skin from the 
lower edge of the plaster. If any other pad- 
ding is used, the plaster will slip down and 
cut at the ankle. .An L*nna paste bool must 
first be applied to the foot when this type of 
encasement is used, since otherwise swell- 




Fto. 877. {Top) Normal alignment of 
leg. Vertical line through middle of 
patella passes over middle of ankle and 
between first and second toes (Courtesy, 
KeyandCoowell Management of Frac- 
tures, Dislocations, and Sprains, St 
Louis. C. I’. Mosby Co ) 

(Bottom) Showing line drawn from 
anterior superior spine through middle 
of patella, which, in the normal leg, 
should drop between first and second 
toe. This fractured leg is deformed by 
external rotation and angulation. 

mg of the foot and ankle may occur. This 
type of plaster makes walking easy and pre- 
serves the function of the ankle. It is also 




Fic 879 \\atson Jones tibia tract on apparatus consists of a thigh sup 
port clamped on to any table to which is fixed an L-shaped traction bar 
with coarse adjustment and rotating handle with fine adjustment Length 
and alignment is secured by the apparatus while Umb hangs in the line of 
gravity Apposition is maintained by pressure of operator s hands (Courtesy 
ttatson Jones R Fractures and Other Bone and Joint Injuries 3d ed 
Baltimore U illiams and WiHwins Co ) 
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useful in cases in ^\hich union is stow and 
stimulation by weight-bearing is desired It 
will prevent angulation but will not prevent 
collapse of comminuted fragments and will 
not prevent overriding and rotation of a 
spiral fracture, and therefore should be re- 
served for old fractures in which there is 
some union or for transverse fractures high 
up, and for fractures of the fibula only (see 
Fig. 888). 

There is still another way of applying 
plaster %\hen some traction is needed. The 
knee is flexed, and a sling placed under the 
knee is fastened to some secure object. -A 
hitch of bandage is placed around the well- 
padded ankle and traction is applied in the 
long axis of the tibia. The plaster is then 
applied from the ankle to the knee, then 
from the knee up the thigh, and lastly to 
the foot (Fig. 890). 

[The application of unpadded circular 
plaster is not the only method of plaster im- 
mobilization available. .A posterior molded 
and a sugar-tongs splint can be used, as 
described in detail in Chapter 22. If they 
are applied with some form of woven elastic 
bandage, they are theoretically inclined to 
adapt themselves to any changes due to in- 
crease or decrease in the swelling of the 
part with resultant minimal risk of circula- 
torj' difficulty or slipping of the fragments. 
Thej’ must be inspected frequently to insure 
adequacj’ of the bandaging This neces5it3' 
may be regarded as an advantage. Four- 
inch plaster should be used, and the direc- 
tions for the making of plaster splints given 
in Chapter 22 should be carefully followed. 
-Ed.] 

2. Single -pin Method. Comminuted 
fractures, and fractures with overriding, 
cannot be held as a rule in good position 
while the plaster is being applied unless 
strong traction is maintained. In these cases 
skeletal traction should be used. The sim- 
plest tiT^e of single-pin application is de- 
scribed by IVatson-Jones (Figs. 879 and 
880). A local anKthelic must be used. (See 
local anesthesia in fractures, Chapter 22 . — 


Ed.J A pin is driven transversely through 
the lower fragment of the tibia at a point 
just above the anUe joint. A “U” is fitted to 
the pin and the leg is hung over the edge of 
the table in a vertical position. Traction is 
then applied until the leg is taut, while the 
position of the toes is maintained by the 
surgeon’s knee. In this way the ankle is 



Fic. 880. Tibia traction apparatus 
showing operator’s grip while plaster is 
setting. (Courtesy, Watson-Joncs, R ; 
Fractures and Other Bone and Joint In- 
juries, 3d ed., Baltimore, Williams and 
Wilkins Co.) 

kept at a right angle and the rotation is cor- 
rected The fragments are then molded into 
position by the hands, and the piaster is 
applied up to the knee. It is then completed 
to the groin as soon as the lower half has 
set, while the traction is maintained, the 
knee being kept flexed to at least 135®. 
Again, it is vnse to applj' a little sheet wad- 
ding at the level of the fracture, for subse- 
quent wedging, and a little more at the 
upper end of the lower section of plaster. 
TTie^ strips must be narrow so that as 
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much of the plaster as possible sticks to 
the skin 

Another to apply a similar plaster 
encasement is to use a spring caliper in 
serted into the os calcis and to exert traction 
on the leg with the knee flexed o\er a gas 
pipe frame (Fig SSI) This is the standard 
Bohler method 


holds the foot at a right angle and since the 
patient is supine an anesthetic may be 
used 

In either case the patient is put to bed 
with the leg on a bent frame (Fi„ 882) 
and 10 to la pounds traction is maintained 
for from five to sjx weeks If tiwelling 
has not occurred before the treatment i* 



Fio 881 Bohler Braun leg splint Femur portion is adjustable m length and angle 
of elevation No rods or parts interfere with bedpan Pulley arches are adjustable 
longitudinally and vertically Tandem pulleys on forward end are also adjustable 
longitudinally and v erlically All thumb screws arc nonremovable 

In applying adjust canvas slings to fit contour of posterior surface of leg Adjust 
length of femur rods so that outer rod extends up to trochanter and inner rod about 
one inch below perineum Desired angle of femur is obtained by manipulating wing 
nuts on the Scut rireaded posla and also win^ nut on the femur supporting threaded 
rod Rear pulley arch is placed at a point where traction will be m direct line wilh 
femur Forward pulley arch is placed near ankle as a means to hold foot at right angle 
to long axis of leg (Courtesy Zimmer Mfg Co Warsaw Ind ) 


There are advantages and disadvantages 
to each method In the Watson Jones 
method the leg is vertical and therefore 
backward bowing will not occur It is how 
ever more difficult to put a pm through 
the tibia than to apply a spring caliper to 
the os calcis The removal of the caliper is 
less dangerous than is pulling a pin through 
the bone In addition the pull through the 
os calcis tightens the tendo achilhs and 


begun It may be necessary to split the 
plaster If swelling has already developed 
the plaster will become loose In either case 
a new encasement is applied when the cir 
culation h-is reached normal The same 
traction is maintained while the old plaster 
IS removed and the new one applied and 
X ray or fiuoro’^ope is used to check posi 
tion Angulation is corrected by wedging of 
the plaster when necessary 



TREATMENT 


1087 



Fig 882 In unstable fractures and all fractures with se\ere swelling 
ibe transfixion pin is incorporated tn the plaster and continuous traction 
is maintained for from fne to six weeks (Courtesy, Watson- Jones, R : 
Fractures and Other Bone and Joint Injuries, 3d ed , Baltimore, 
Williams and Wilkins Co.) 



Fig S83. Grisoold s exten«ion apparatus. Lateral \icw. (Courte?> , Scudder, 
C. L.; Treatment of Fracture^, 11th ed., Philadelphia, \V B Saunders Co.) 
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Fig 884 Drawing showing method of 
fixation and traction (A) by using 
SleiTiTnatm pm IB) fastened to sides of 
Thomas splint with Caldwells pin lugs 
(A) Shows pm through condyles of 
femur, through tibia at level of tubercle, 
through tibia at ankle, and through os 
calcis (Courtesy, Caldwell, J \ Man 
ual of the Treatment of Fractures, 
Springfield, 111 , Charles C Thomas, 
Publisher ) 

[For details of technic of pm or wire in 
sertion, see Chapter 22 1 

[A single pm or wire m the lower tibia 
or heel gives greater security in maintenance 
of position than does simple plaster, pro 
tided the htec is adeguateh fiexed It does 


not, however, insure rigidity of fixation at 
the fracture site as many men mistakenly 
believe, since pivoting on the single pm i' 
possible and since the plaster no matter 
how snugly applied, is more or less sepa 
rated by an elastic and compressible soft 
part cushion from the bone fragments which 
It IS designed to hold fixed and immovable 
The same holds true, to a less degree, when 
a single pm or wire is put through each 
fragment, and incorporated in plaster 
Maintenance of position and rigidity of 
fixation are not synonymous terms —Ed ] 

3 Multiple-pin Method There are sev 
eral pieces of apparatus on the market 
(Fig 883) designed to distract the frag 
ments by screw or turnbuckle traction be 
tween two pms, one in each fragment The 
author has developed a simple and cheap 
method It is applicable in simple as well 
as in compound fractures and completely 
eliminates anj need of worry over swelling 
or over herniation of a wound which re 
quires dressing 

Two pins are put through the upper frag 
ment about two inches apart parallel to 
each other, transversely to the long axis of 
the bone and with the patella pointing 
directly upward A third pm is driven 
through the os calcis parallel to the upper 
pins after the foot has been rotated into 
normal relation with the knee These three 
pms are then locked with the Caldwell pm 
lug (Figt; 884, 886) to the bars of a Thomas, 
Braun Pierson, or any other suitable splint 
which has round bars The upper pm is 
locked first Then traction is put on the 
lower pm until the desired length is at- 
tained then It, too, IS locked Finally the 
middle pm is locked The reason two pins 
are used m the upper fragment is to prevent 
rotation of this fragment around a single 
pm If the lower pm is in the os calcis, the 
foot will be supported b> traction through 
the tendo achillis and no rotation on the 
pin will occur If, however, one wishes to 
put the lower pm through the tibia, then 
two pms should he used here as well, making 
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four in all, just as in a leg-lengthening 
operation. [See editorial comment on pin 
fixation preceding this paragraph, and also 
discussion in Chapter 22.— Ed.j 
As the pins are locked, the fragments are 
molded into position and the traction is ad- 
justed either on the pin as a whole or on 
one side to gain proper alignment. If all 
pins have been put in parallel with one 
another, and the foot has been pfoperly 
rotated before the lower pin has been in- 
serted, the lower fragment will be properly 
rotated in regard to the upper, and one need 
be concerned only with length and angula- 
tion, which can be adjusted by altering the 
set of the pin lugs. The author has made a 
splint with a ring at the distal end so that 
the lower fragment may be rotated at will. 
In this case, the lower pin is locked first and 
the pull for length put on the upper pin 
(Fig. 885). The patient is put to bed with 
no dressing at all, even in compound frac- 
tures, if the latter have been closed. It 
makes little difference how much the leg 
swells, there will be no displacement of the 
fragments. We have bad more than one case 
develop tetanus in such a splint, yet the 
fragments were not displaced in the coni'ul- 
sions, and one mental patient walked around 
the ward with this splint on and did no 
harm to his leg. We have also successfully 
carried several patients through gas-gan- 
grene infections when so splinted. Plaster is 
applied as soon as the swelling has suteided, 
or, in compound fractures, when the wound 
has reached a point when it may safely be 
sealed (Fig. 887). 

[For details as to technic in the use of 
various recognized methods of skeletal fix- 
ation, including the Hajmes, Stader, and 
Roger Anderson appliances, see Chapter 22. 
-Ed.) 

4. Internal Fixation. This may be the 
best method of fixation and the best method 
of treatment theoretically, but it should not 
be attempted unlres one is fully equipped to 
do this work. Further than this, one must 
make up his mind early if he elects to use 



Fig 885. .Author's frame for treating 
fractured leg with three pins. 



Frc. 886. Fracture of tibia and fibula 
held with three pins locked to bars of 
Pearson attachment of Thomas frame 
and suspended. 

thi? treatment, and must carry’ it out 
promptly. Some spiral fractures are held 
better by the Parham band than by any 
other method of fixation. If a sufficient 
number of bands have been pul on, the leg 
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cuiunfe forceps removinj, about one half 
inch Then usint, in elevator m the medulla 
of the upper fngment pressure against the 
cut end oJ the lower iragmenl will cause 
the tibia to lengthen sufficiently to get a 
perfect reduction If however the fibula 
has been impacted at a higher level it may 
occasionally be necessary to cut the fibula 
Short oblique fractures should be fixed with 
screws put through at an angle as a Pir 
ham band will slip off in such a case In 
the oblique fracture usually a pWte is nec 
essary in addition to the screws to mam 
tain sufficient hold on the fragments 
On the whole the fractures in which 
internal fixition is most \aluable ire the 
compound frictures It has been rather 
generallj held that metal should not be put 
into an infected or contaminated wound 
but It must be remembered that metal itself 
has re\er caused infection and if immobili 
zation can be made more perfect by intro 
duang in internal splint then there is less 
livelihood of infection occurring than there 
IS with less perfect immobilization b> ex 


may be left without any splinting what 
soever These bands are very easily intro 
duced with a grooved director and will 
ho\ci the bones in excebem position How 
ever if a sufficient number of bands have 
not been applied to hold the fragments 
firmly or if the spiral is too short for a 
sufficient number of bands then a plaster 
encasement becomes necessary m addition 
to the open operation If as so often hap 
pens m such a case (here is some shortening 
the upper point of the lower fragment 
should be cut of! with a rongeur bone 



Fig 889 Plaster cast -showing correct 
angle of knee and ankle 



Fig 887 {Lejt) Plaster cast has been put on after frac 
ture waj held with pins Note projection of pm ends 
through plaster 

Fio 888 {Right) Plaster cast with Unna paste foot 
piece 




treatment 


temal means. The compound fracture is 
already open, and unless it is of the trans- 
verse N'ariet}', in which the fragment can be 
jammed into place, may in many instances 
be held by plate, band or screw, or a ccm- 



1091 

that, of a!! fractures, the compound is the 
one which must be held securely more than 
anj' other and the one nhich must be most 
promptly dealt with 

One other point in regard to the com- 



Fic. 890. Reduction of fracture of leg by traction method (A) Traction is 
oDtained by passing a piece of bandage about ankle in form of a clove hitch 
a solt pad of felt being interposed between it and the skin Ends of bandaee 
are 'notted about hips of an assL-tant, who supports foot manually and exerts 
traction by mclining bod}- backward. Counter-traction is obtained by a sup- 
^rtmg band parsing around lowr part of tbigh which holds knee flexed 
y ) In this position a plaster casing is applied in section. First section extends 
to groin, space being allowed for remoxal of counter-traction band 
(t-) When thb has hardened, traction bands are remoxed and foot is supported 
manually while remaining portion of plaster L. applied. (D) Pla'ter com- 
pleted. (Courtesy, Scudder, C. L • Treatment of Fractures, 11th ed.. Philadel- 
phia, \V. B. Saunders Co.) 


lination of these. It is true that this metal 
itay ha\e to be remox-ed later, but the more 
immobilization gained by its intro- 
uclion is well worth while if thereby it 
elps prexent infection. This is not the 
lace to discuss the general theoiy- of com- 
ound fractures, but it must be stated here 


pound fracture should be remembered. If 
one is prepared to cIo«e the wound com- 
pletely. he should do this without tension, 
and, in order to accomplish this, it may be 
necessaiy to make relaxing incisions well to 
each side of the original xxound. These inci- 
sions should be made down to the fasda, 
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and should allow the skin to retract sufB 
ciently to permit the original wound to be 
closed without tension Thiersch grafts 
should be put on the releasing incisions at 
once (see Chapter 22) 

In the section fractures in which an 
intermediate section of the whole shaft is 
separated by upper and lower fractures it 



Fic 891 Drawing on left shows nor 
mal reduction of fracture Dotted area is 
approximate amount of shrinkage which 
will take place in thigh Figure on right 
shows displacement occurring in leg 
after this shrinkage has occurred and 
cast is permitted to fall away from inner 
side of thigh If cast is drawn back to 
inner side of thigh and space on outer 
side filled with cotton wadding as indi 
cated by figure on left fragments are re 
stored into good position again (From 
personal communication with Laur e 
McKim 'Montreal Quebec Canada ) 

may be essential to fix one fracture inter 
nally thus reducing the number of mo\able 
fragments MTien internal fixation is u'ed 
at all It is ideal to fix the fragments so that 
no external splinting is necessarj This may 


require several screws with the addition of 
bands or plates \\Tien such a combination 
of Items IS used one must be sure all are of 
the same metal 

(For a detailed discussion of the operative 
reduction and fixation of fractures and of 
the handling of compound fractures see 
Chapters 22 and 23 The operative proce 
dures cited here by the author are in com 
mon use but many surgeons who do a great 
deal of operative fracture work will dis 
approve of the procedures though in agree 
ment with the principles expressed The 
whole matter is thoroughly gone into in 
the chapters cited above Ed ] 

AFTER TREATMENT 

As soon as swelling has subsided the pa 
tient may be permitted up on crutches If 
the fracture is transverse a walking iron 
or heel may be applied and weight bearing 
instituted early If however the fracture is 
oblique or spiral weight bearing should not 
be allowed unless there are pins above and 
below the fracture which have been im 
bedded in the plaster When cases have been 
treated by internal fixation and without 
plaster all manner of movement is per 
mated but weight bearing is not allowed 
until union IS firm 

The time required for union vanes greatl> 
m these cases and one must be gu ded by 
the X ray findings As a rule however it 
takes not less than eight weeks and fre 
quently may take much longer In the ordi 
nary cases the plaster should be removed 
at the end of ten weeks and the state of 
union clinically observed and tested If 
union IS clinically firm the patient may be 
allowed to get about then with an Unna 
paste stocking extending to the knee But 
if union IS not firm a new plaster encase 
ment should be applied In this instance the 
plaster with an Unna paste footpiece may 
be used and weight bearing permitted with 
function of the ankle 

Of all the muscles in the bod} none 
atrophy more quicklj when not used than 
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the quadriceps group in the thigh. From the 
%'ery beginning, therefore, the patient should 
be instructed to contract these muscles and 
trj- to prese^^■e the tone. E%’en if the plaster 
does not permit movement of the knee, 
muscles can be used by voluntary contrac- 
tion carried out by the patient. If this is 
done, post-fracture physiotherapy will not 
be necessary’. 

Laurie McKim of Montreal has pointed 
out that in using plaster on fractures of 
the tibia and fibula, even though a very’ snug 
hold is maintained at the knee and the 
ankle, the thigh muscles become atrophied. 
^^^len a fair amount of atrophy has taken 
place, one sees that the plaster encase- 
ment is quite loose in the thigh portion and 
this permits lateral displacement of the 
upper part of the plaster. As there is no 
atrophy of the knee itself, this lateral dis- 
placement is transferred to the leg, causing 
displacement of the upper fragment of the 
tibia. This alv,*ays occurs in an inward di- 
rection. It is therefore necessary, every 
week or so, to cut the outer half of the 
plaster away from the thigh from the top 
of the encasement to the knee level and to 
apply a new half of plaster which fits more 
closely, thus drawing the thigh snugly 
against the mesial side of the encasement. 
WTien this is done, the knee acts as a 
fulcrum and the upper fragment of the tibia 
is moved outward to its original position 
(Fig. 891). 

It must be remembered also that as soon 
as the plaster has been removed from the 
lower limb, the whole leg swells on de- 
pendency. The leg will become edematous 
if this is not prevented, and limitation of 


motion of the joints will develop which will 
be very difficult to overcome. An elastic 
bandage or an Unna paste boot should be 
applied as soon as the leg is allowed to 
become dependent after the removal of plas- 
ter. In the case of internal fixation without 
plaster, this may not be necessary if good 
function of the joints and muscles is main- 
tained while the patient is in bed, but he 
should be watched when he first begins to 
hang his leg down. If swelling develops, an 
elastic bandage or stocking should be ap- 
plied, and should be worn until circulation 
is normal. (See Chapter 22 for use of 
physical therapy in after-treatment of frac- 
tures. — Ed.] 
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Fractures oj Ankle 


ANATOMY 

A br:ef review if only by drawings etc 
of the local anatomy of the ankle is a fit 
ting introduction to the subject of ani le 
fracture therapj The following illustrated 
figures are therefore included merely to re 
fresh the surgeon s mental picture of the 
essentials of the surgical anatomy of the 
ankle and to act as goals to be striven for 
in the reduction of fractures m that region 
riiey may also serve to show why certain 
manipulations moldings etc are stressed 
m this treatment (I igs 892 893 894) 

General Remarks At the outset it must 
be emphasized that in order to obtain accu 
rate reposition in ankle fractures especially 
m the more complicated types it is essential 
to institute the manipulation reduction and 
fixation at the earliest possible time after 
the injury This includes those cases in 
which there are present such soft tissue 
complications as swelling bleb formations 
or abrasions As will be pointed out later 
such cases can be reduced the complici 
tions treated and then put into a temporary 
type of fixation which is adequate and can 
be retained until it is deemed safe to apply 
a more permanent type of fixation On the 
point of early reduction etc McBride^ 
has stated that Waiting for swelling to 
dimmish or for blebs or severe abrasions 
to heal before reducing fragments has been 


the cause of more permanently disabling re 
suits in fractures of the tibia and fibula than 
any other factors 

Accurate reduction is especially impor 
lant in those complicated anl le fractures 
which include the lower anterior or pos 
tenor libial margins Incomplete repositions 
in these cases are most apt to give painful 
feet and ankles on weight bearing But it 
must also be remembered that good initial 
Teductions and fixations of onl le frattmes 
can go to poor end results with unintelligent 
after care Following a good reposition the 
type of fixation must be carefully chosen— 
it sliould be adapted not only to the type of 
fracture but also to the degree of intelli 
pence of the patient Surgeons connected 
with large charitable institutions are as a 
rule cognizant of this factor It is felt how 
ever that it has not been sufficiently 
stressed in the past 

In these general remarks it may also be 
well to note that the position of election in 
regard to the foot after reduction of the 
fracture or fracture dislocation is about at 
a right angle natural position But it is fur 
thcr to be noted that this position may have 
to give way to dorsal or plantar flexion or 
the right angle may be coupled with some 
inversion when the occasion demands for 
maintenance of reduction or for i later 
stronger foot 

Finally, in the convalescent care of ankle 
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fractures, under- and overtreatment must be 
guarded against. For exampJe, a simple 
unilateral or isolated injury to tbe ankle 
(as a fractured external malleolus) may be 
given unnecessary prolonged fixation, or, on 
the other hand, a complicated ankle frac- 


plicated ones— i.e., proceeding from the (1) 
simple unilateral ankle fractures vrithout 
displacement or injury to the opposite side, 
through the (2) bilateral fractures without 
displacement, to the (3) more complicated 
fracture-dislocation tj^es. 



Fig 892. Schematic dra^vlng of ankle and foot, lateral view, intended 
to illustrate some of the main features of surface anatomy in relation to 
underlying osseous structure. 



ture (such as a bimalleolar fracture of the 
ankle with a posterolateral dislocation and 
a marginal fracture of the tibia at its in- 
ferior posterior lip) may be allowed loo 
early unprotected direct weight-bearing. 

TREATMENT 

Treatment of the simpler tvpes of ankle 
fractures proceeds to that of the more com- 


I. Simple Ankle Fr.^ctures, Where 
Injury Is Unilater-al and 
Without Dislocation 

Clinical evidence plus x-ray examination 
will tell us whether the injurj* is unilateral 
or not. .A clinical test as described by 
W. G. Campbell- of England is quite useful 
here: 
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Fig 894 Coronal section of ankle and loot depicting lower tibiofibular 
joint talocalcaneus joint and the various ligaments The picture of the 
ankle mortise as given is a good one to retain as a mental picture when 
dealing with traumatic widened ankle mortises and in traumatic cases 
where there is diastasis 



Fro 89S (Lejl) Fracture of external malleolus This ca'e had no displacement and no 
injury to outer side of ankle 

Fig 896 (Right) Fracture of internal malleolus This case had no displacement and no 
injury to outer side of ankle 
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Fic. 897. {Left) Fracture of internal malleolus Here there was no displacement and no 
injurj’ to outer side of ankle. 

Fig. 898. {Right) Transverse fracture of external malleolus. In this case there was no 
displacement and no involvement of inner side of ankle. 


. . . grasp the foot and attempt to push the 
foot as a whole towards the fractured bone 
No twisting must be done or the test is viti- 
ated. If the ligament is injured, the patient 
immediately winces, and feeU pain in the 
fracture. 

Such ankle fractures as these are: (1) 
Spiral oblique fracture of the lower end 
of the fibula with no involvement of the 
mesial side of the ankle (Fig. 895); (2) 
fracture of the internal malleolus with no 
displacement (Figs. 896 and 897) ; and (5) 
fracture of the tip of the external malleolus 
(Fig. 898). 

Such fractures are often overlrealed. 
Their treatment is quite simple and, gen- 
erally, requires no general anesthetic. Some 
of the cases may be put at once into their 
final fixation while others may require a 
preliminarj’ rest for a day or so in a pillow 
splint (Fig 899) until the swelling has sub- 
sided before the regular fixation is applied. 

Fixation. The fixation consists of circular 
plaster of paris extending from the tibial 
tubercle to the toes. It is snug-fitting, being 
padded only with an encircling band of felt 
at the upper end to avoid undue pressure 
on the peroneal ner\-e, and with a small felt 
pad across the dorsum of the foot just 


proximal to the toes (Figs 900, 901, 902, 
905). It is fitted with either walking irons, 
a plaster-of-paris sole and heel, or a heel 
fashioned from an incorporated piece of 
automobile tire. 

This fixation as a rule need be main- 
tained for only two or three weeks. During 
this period the patient may be walking 
about with the aid of crutches at first and 
then simply a cane. Following removal of 
the plaster the patient is given instructions 
in regard to daily physiotherapy of a very 
simple type — simple foot and ankle exer- 
cises, massages, hot soaks— followed by the 
application of a snug bandage from toes to 



Fic. 899. Temporary pillow splint. 
Note adhesiNe strapping instead of 
safety pins, as advocated by Gurd. How- 
ever, where displacement in fracture was 
present originally, the author prefers to 
use safety pins for snugging up the 
pillow. 
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knee Some may be more comfortable with 
adequate ankle strapping and regain nor 
malcy by walking and simple foot and ankle 
exercises (In the cases where edema per 
sists the Unna'' paste bandage may be used 


The above describes the usual form of 
treatment m a large institutional clinic 
where one cannot rely too much on the in 
telhgence of the patient Such minor ankle 
fractures in a more selected group can be 



Fig 900 i,Top /e//) \\a!king plaster cast Note stockinet anti pos tion of circular felt 
pads about upper end of lower leg and almut dorsum ol loot (In many cases no 
stockinet IS used ) 

Fig 901 {Top right) Malking plaster cast Cast applied without walking irons 
Fig 902 {Bottom Ie/0 '' alking plaster cast Cast applied with walking irons 
Fig 903 {Bottom M alkmg plaster cast in u'se 


for a short period ) Two weeks of this is 
then followed by a light semi elastic anklet 
which caw be worn for the next two to four 
weeks and thereafter onlj on occasions 
when the patient desires to indulge in some 
activity more strenuous than walking— eg 
tennis etc [ \ leather laced skating ankle 
brace is excellent for this It has literal 
whalebone supports —Ed ] 


treated e%en more simply If there is initial 
soft tissue reaction accompanying the frac 
ture here again use the pillow splint cle 
vation and local icepack for about a (la> or 
so before appljin^, the permanent fixation 
This fixation maj be a light low leg castex 
splint or 1 light low leg circular plaster of 
piris In some cases onlj a snug form of 
ankle strapping need be applied B> the 
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of the second week the castes or plaster- 
laris encasement can be removed, and 
.le strapping or a snug ankle corset sub- 
uted. Normalcy should be practically at- 
led in such cases in from four to eight 
!ks, depending upon the initial tissue 
hology, the formation of callus, and the 
rent’s occupational demands 
There is a still more simple form of treat- 
tit in these unilateral ankle injuries, 
mulgated by W. G. Campbell- of Eng- 
d He believes that minor and major 
ctures are insufficiently differentiated. 
1 that too often a “minor" ankle fracture 
fers from treatment nhich is neither nec- 
ary nor ad\antagcous. In these “minor’ 
;le fractures he includes the first degree 
the torsion, abduction, and adduction 
ctures of the Ashhurst and Brommer 
ssification. He avers that these minor 
ctures are essentially stable and require 
support. He treats such injuries, there- 
e, veiy simply. 

Mter clinical and x-ray examination con- 
ice him that the injury is unilateral he 
ects from 10 cc. to 20 cc. of a 2 per cent 
Dcaine solution into the hematoma at the 
icture site and around the fracture. The 
in. he states, must be completely abol- 
led, and then the patient is alloned to 
,1k home without support Some swelling 
d a sense of tightness may be present 
ter 24 hours but he encourages the pa- 
nt to walk on his foot. If pain recurs, a 
:ond injection is given. The patient is 
rmitted to go about his usual daily rou- 
te, excepting for a once-a-week check-up, 
itil the x-ray examination reveals good 
Uus formation. However, until mote uni- 
rsal use of, and results on, this method 
ive been reported, the author feels that 
; must regard this local procaine injection 
eatment as being still in the experimental 
age, and that it should not be genenill}' 
ed. One must have fracture judgment that 
sound and well grounded before he at- 
mpts carrying out such therapj'. [In 
lected cases in intelligent patients in 
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whom disability time is a factor, this pro- 
cedure is well worth while.— Ed.] 

II Injuries iNvotvnNc Both Sides 
OF Ankle 

Next let us consider those ankle fractures 
which are slightly more complicated, i.e., 
the injuries involving both sides of the 
ankle. They include . ( I ) The fractured ex- 
ternal malleolus with complicating liga- 
mentous injurx’ on the inner side of the 
ankle. (2) the fracture of the internal 
malleolus, displaced or not. with a liga- 
mentous tear on the outer side of the ankle , 
or (3) the bimalleolar fracture with little 
or no displacement (Figs 904, 905. 906). 
In none of these cases is any diastasis of 
the inferior tibiofibular joint p’-esent. 

Because of the local pain and tenderness 
in these cases the author finds it useful 
and humane to administer some form of 
anesthesia (local or general), preferably an 
intra\enous pentothal anesthesia, before 
doing what reduction and corrective mold- 
ing there is to do, and before applying the 
fixation He generally uses low-leg plaster* 
of-paris fixation of the circular tj^pe, with 
the foot held in a neutral position at right 
angles, or, as occasion demands (as in cases 
of fracture of the external malleolus plus 
ligamentous tear on the mesial side), with 
the foot at a right angle with moderate in- 
version. Into this plaster, walking irons of 
the U tj^pe, or a plaster heel, or a piece of 
auto tire, are incorporated in the proper 
manner and place Some surgeons prefer a 
posterior and sugar-tong tj-pe of plaster-of- 
paris fixation, the Stimson* splint, or the 
Delbet® plaster splint as advocated by 
Moorhead and others. [See Chapter 22 for 
descriptions of splints —Ed.] (If the initial 
tissue pathologv* is at all marked in these 
cases, the fractures are immediately ma- 
nipulated but are put in a temporary pillow 
splint (Fig. 899) until the tissue reaction 
has subsided. Then the snug plaster-of-paris 
fixation is applied.) This fi.xati'on is retained 
for from two to four weeks, occasionally 
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Fig 904 External malleolar fracture of 
ankle Note there is no displacement Internal 
lateral ligament \\as injured 


Fic 905 Bimalleolar fracture of ankle 
Note there is no displacement 


Fig 906 Fracture of external malleolus 
with outward displacement of foot Note 
widening of ankle mortise 
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Fig. 907. Fracture of external malleolus 
with lateral displacement of foot In this case 
all supporting ligaments were so tom that foot 
could be easily dislocated in almost any di- 
rection 


Fig 908 Postreduction of Fig 907 It re- 
quired pentothal intravenous anesthesia, the 
application first of a snug posterior plaster 
shell so as to hold anteroposterior position, 
and this nas followed by application of a 
regular circular plaster of the high i>pe (mid- 
thigh to toes), with some flexion at knee and 
with foot retained at a neutral right-angle 
position At end of two weeks this cast was 
removed and a low walking cast applied. This 
was retained for five weeks, follomng which 
a double-upright ambulatory splint was used 
This was omitted at end of another fi\e weeks 
when patient was practically back to normalcy 
(13 to 14 weeks). 



Fig. 909 Bimalleolar fracture with lateral 
displacement. This required pentothal anes- 
thesia, subsequent reduction, and careful 
molding of malleoli 
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longer, vflien il\e rnleiTial Tnalleolos iails to 
unite in due time either with good callus or 
nith firm fibrous union The plaster is then 
generally followed by a protective ambula 
tory brace for another two to four weeks 
before allowing full weightbearing 

For the cases of fractured external mal 
leoli with accompanying internal ligament 
injury the author uses a splint with a single 
outer upright and equipped with an inver 
Sion leather cuff at the bottom For the 
fractured internal malleoli cases with ex 
ternal ankle damage he uses the double up 
right form of low leg brace These splints 
need be used only in those cases where there 
has been some original displacement Other 
wise the plaster may be followed by a light 
castex splinting for two or three weeks or 
snug repeated ankle strappings with simple 
physiotherapj given in between strappings 
The ambulatory splints have the advan 
tages of being protective weight bearing 
agents and of allowing the patients loot 
and ankle to be given massage exercise 
active and assisted motion and hot soaks 
These cases should be had to a working 
normalcy (if there is no delayed or non 
union) m from 6 to 12 weeks the ume de 
pending on local conditions and also on the 
type of the patient s w ork 

Before proceeding to discussion of the 
next typ“s of ankle fractures the occasional 
case of bimalleolar fracture with some pos- 
terior dislocation of the astragalus but with 
no associated fracture of the lower posterior 
tibial margin should be mentioned These 
cases are reduced under an anesthetic — 
generally intravenous pentothal— by Irac 
tion forward thrust of foot manipulation 
and molding of the malleoli and then put 
into snug circular plaster of pans extend 
mg from the tibial tubercle to the toes 
The foot IS placed in a neutral right angle 
position The convalescent treatment is then 
practically the same as described for the 
preceding tyiie except that it may be more 
protracted 

These ca'es form a sort of transition 


from the so called minor type of ankle frac 
tures to the major type of such iractires 

III The More Complicated 
Fracture Dislocatioms 
Treatment of the more complicated tjpes 
of ankle fractures the tjpes in which there 
IS displacement of the fracture fragments 
and displacement of the foot in relation to 
the tibia— will now be discussed The treat 
ment of these cases particularly must 
begin as soon after injury as possible 
Naturally intelligent first aid is of great 
help But frequently one sees these cases at 
variable times after injury without any 
semblance of first aid splinting The earlier 
the reduction is attempted the easier and 
better chance there is of accurate replace 
ment of parts Swelling and bleb formation 
need not be a deterrent factor In such cases 
—and in fact m many of the cases with 
impending (issue reaction the author does 
an immediate reduction treats the blebs 
etc and puts the leg with the fracture cor 
reeled into the pillow splint after the 
method advocated by Gued of Montreal 
(see Fig 899) The anesthesia used in 
these cases is generall> intravenous pento 
thal occasionally gas ether a low dosage 
spinal or even scopolamine morphine It is 
only in the very occasional case that he uses 
local anesthesia Uhen anesthesia is estab 
hshed the leg and foot are cleaned blebs 
and abrasions if present are appropriately 
treated (only very occasionally is it neces 
sary to do joint aspiration) and then the 
reduction and fixation is done 
During the past ten years we have found 
that the working therapeutic classification 
of such complicated ankle fractures as laid 
down by the late F J Cotton has for us at 
least greatly danfed and simplified the 
mechanics of reduction and treatment in 
general of these injuries In fact our resi 
dents whose basic training has been in hos 
pitals other than ours and sometimes under 
men who have developed their own chssi 
fications have after a study and applica 
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tion of Cotlon’s ideas, aiTrays enthusiasti- 
cally adopted and used bis classification. As 
Cotton® has said, it is simply 

a working classification, sound in premises, 
and much more hopeful as to results than the 
usual routine prescription. The gist of the 
thing is that it is not the detail of bone lesions 
that is important so much as the dislocation 
and displacement — the gross lesion. 


an innrard shove. The hands are then placed 
over the malleoli and compressed so as to 
reposition and mold them to restore the 
ankle mortise. The foot is kept at right 
angles and in moderate inversion and the 
knee at about 25“ flexion. 

Fixation in Cases with Xo Marked 
Tissue Reaction In these cases the author 



Fic. 910, Convalescent ambula- Fic. 911 Convalescent ambula- 
tor>’ splint. This is the type of am- tor>' splint This is used in after- 
bulator)’ splmt used m convalescent care of ankle fractures other than 
care of so-called Pott's fractures so-called true Pott’s fractures 
(Colton's Class I). Note outer up- 
right iron and inversion leather cuff 
to go about ankle. 


F. j cotton’s classification 
Class I. This class is the outward dis- 
placement of the foot with malleolar frac- 
ture (our general interpretation of Pott’s 
fracture) (Figs 907, 908, 909). 

Reduction. With the patient under anes- 
thesia, the knee is well fle.xed, the lower leg 
is held by an assistant, and the foot is 
grasped by the surgeon with one hand about 
the heel and with the other about the foot 
proper. Increasing rhythmic traction (no 
forceful initial j-ank!) is applied, and the 
foot is thrust or pushed into position by 


applies the arcular t>’pe of plaster-of-paris 
fixation extending from high midtbigh to 
the toes, maintaining the knee at about 25“ 
flexion and the foot at right angles and in 
moderate inversion. MTiile the plaster is 
hardening the hands should be used to keep 
the malleoli snugly in place in order to re- 
gain and maintain the normal ankle-joint 
mortise. The underlying padding in such 
cases consists generally of a stockinet plus 
one or two thicknesses of sheet wadding 
This plaster is retained for two or some- 
times three weeks, and then a snug-fitting 
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low (to the knee) circular plaster with no 
padding (skin tight plaster) is applied with 
the foot still kept at right angles and in 
moderate inversion The patient is not gen 
erally up and about (on crutches) until this 
low plaster is applied It is bivalvcd in an 
other two or three weeks the leg taken out 
carefully once a day and light massage and 
gentle active and assisted active motion 
begun 

At the end of the seventh to eighth week 
of fixation the plaster as a rule is removed 
and an ambulatory low leg splint with a 
single outer steel upright and inversion cuff 
about the ankle is applied (Figs 910 911) 
Also in many cases the patient s shoe is 
fitted with a special leather inner sole with 
plantar and anterior arch pockets for ap 
propriate felt padding and with a 1/6 
to *4 inch Thomas heel The protective 
weight bearing splint is generally worn for 
from four to eight weeks depending on the 
case—its original injury extent the local 
callus formation and the patient s coopera 
tion (This’’latter often means everything 
m arriving at a good end result ) 

During this period simple but persistent 
dady physiotherapy is iti order i e mas 
sage active and assisted active motions of 
foot and ankle a definite series of weak 
foot and ankle exercises hot soaks and 
hot whirlpool baths if accessible In addi 
tion to these local exercises the patient 
should also go through daily simple set 
ting up exercises including the hip thigh 
and knees If there is troublesome local 
edema present after removal of the plaster 
the author often applies a snug Unna paste 
stocking for ten days or so (this is removed 
once during this time in order to give some 
physiotherapy and is then re applied) and 
then return to the daily routine as laid 
down originally About the end of the 
twelfth week the convalescent splint is re 
moved but the patient is still kept on his 
daily routine of physiotherapy massage 
and exercises The disability period m these 
cases IS generally for from 12 to 16 weeks 


This convalescent treatment is modified 
in some of the cases where no diastasis wis 
originally present In these cases a snug 
walking plaster of pans is applied at al out 
the end of the second or third week and I s 
continued at the end of the eighth week (on 
the average) (see Figs 900 to 903) Ihen 
the convalescent splint is applied as in the 
other cases 

Fixation in Those Cases with Markfi) 
OR [upending Tissue Reaction In these 
coses the reduction should be carried out 
as in other cases but the fixation should be 
of the pillow type after the method of 
Gurd ^ This procedure is best described by 
Gurd 

For this purpose a moderately large 
deep feather pillow is required covered with 
a pillow slip made of strong material The 
leg IS placed upon the centre of the pillow 
with the biter projecting almost six inches 
beyond the heel The pillow is made to en 
circle the leg commencing about or better 
above the knee and firmly secured under 
tension by means of safety pins passed in the 
long axis of Ihe limb Working from above 
downward toward the ankle joint safety pins 
are placed in this way at short intervals In 
this manner lateral and circular compression 
IS exerted this is oi value m limiting oedema 
tous swelling and of forcing by gradual pres 
sure if reduction has been incomplete dis 
placed bones into position Particularly is this 
useful in overcoming d astasis of the fibula 
from the tibia The projecting part of the 
pillow below the foot is folded over the sole 
m such a way that the foot is forced into as 
marked dorsillexion as poss ble an 1 m such 
a manner that abduction or ad luclion is m 
duced as required It (the splint] must be 
readjusted several limes during the first two 
or three days The limb is allowed to remain 
m the pillow for a variable number of days 
the length of time dependent upon several 
factors more especially the seventy of the 
injury and amount of swelling present 

In the cases in which we have used this 
pillow splint it has been followcl by a 
snug fitting circular plaster of pans of the 
type used following the original high en 
casements applied as initial fixation in the 
cases described above The subsequent treat 
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ment follows along the same lines as there 
given. 

Before proceeding further, we would like 
to say here that since Vvc have been using 
protective convalescent splints following 
the omission of the plaster fixation in these 
ankle fractures ne have had no recurring 
deformity {e.g. valgus deformity). We 
know, from, unfortunate experience, that too 
early and unguarded direct n eight-bearing 
in these cases is fraught with danger anti 
leads to foot and ankle deformities, even 
though the initial reduction and fixation of 
the fracture had been well e.xecuted. These 
are the cases which are likely to be under- 
treated. 

[The author's distinction between frac- 
tures of the first tno groups and those of 
the third group is a sound and notable one. 
The reason for the prolonged treatment 
period in the latter is the diastasis of the 
inferior tibiofibular joint. The tom liga- 
ments heal by the gron th of thin and elastic 
new connective tissue. It takes time and 
functional stress to transform this (issue 
into a dense ligamentous structure which 
will not stretch under functional strain Any 
stretching will again widen the mortise and 
render the ankle unstable. Hence the pro- 
tracted period during which the tibia and 
fibula must be held tightly together, and (he 
delayed and long-protected n eight-bearing. 
-Ed.] 

Class II. This class consists of those 
cases in which there is an inward disloca- 
tion of the foot with malleolar fracture 
(inversion tjpe of fracture). The author 
has found cases of this kind to be quite 
infrequent (Figs. 912, 913). 

Here, as in other fractures, early reduc- 
tion and fixation is essential. As a rule, 
pentothal anesthesia is the author’s anes- 
thetic of choice. Other forms of anesth^ia 
may be used according to the surgeon’s 
preference. The displacement is reduced by 
steady traction with outward pressure on 
the foot, followed by careful molding of the 
malleolar fractures as described above. The 
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foot is kept at right angles and in neutral 
position, 

FrxATTox. The fixation choices are: (1) 



Fig 912. (Left) Bimalleolar fracture 
of ankle with inward displacement of 
foot. Lateral view. 

Fig. 913. {Right) Same as Fig. 912. 
.Anteroposterior view This is a \ery in- 
frequent fracture 



Fig. 914. Bimalleolar tracture of ankle 
with fracture through loner posterior 
margin of tibia plus a posterolateral dis- 
location of foot Shows prominent lower 
end of tibia and foot in abnormal pos- 
terolateral malplacement Xote local 
swelling about inner side of this ankle. 
This ca;e had an original emergen^’ 
pillow splinting which kept ankle in 
such good condition that our initial post- 
reduction was a snug plaster-of-paris 
cast. 

Pillow splint (Gurd' type) where there is 
much tissue reaction This, of course, to be 
followed as soon as deemed safe by the 
more permanent types of fixation. (2) Cir- 
cular plaster of paris extending from the 
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Fig 915 X ray film 
of Fig 914 (prereduc 
tion) lateral view 
Note how far back 
lower end of tibia vs on 
astragalus — or rather 
off astragalus 


Frc 916 Xray Fic 917 (Left) X ray film of Fig 914 
film of Fig 914 (postreduction) anteroposterior view Shows 
This view of ankle reduction of fracture shown in Figs 915 md 
well illustrates out 916 Note hoiv snug ankle mortise is Trans 
ward thrust of foot verse fracture of internal maUeoJus shows a 
in such a fracture little gap In this case it meant prolonging 
fttation time to ten weeks and delaying ulti 
mate return to normalcy (five months m this 
case) 

Fig 918 (Right) X ray film of Fig 914 
(post reduction) lateral view Shows good 
replacement of fractures and dislocation 


tibial tubercle to the toes (3) Sugartong 
and posterior molded plaster extending 
from the knee to the toes (4) The Stimson 
1) pe of plaster fivation or a poslenor plas 
tpr shell with a lateral plaster of pans slab 



Fig 919 Postreduciion holding of 
Fig 914 Note method of holding foot 
and leg at knee Th s vs not our routine 
way of holding a leg following reduction 
of such a iracture Usually «e bold fool 
m a dorsifleved position with a band 
resting against plantar surface of loot 


Fixation m all these cases is m untuned for 
about Six weeks on the average (occasion 
ally longer) If in the surgeon <i judgment 
the case is one suited for a walking plaster 
It IS applied after two weeks fixation by the 
initial encasement If the initial encasement 
IS used throughout it is bivalved about the 
fourth week and the leg is removed daily 
for massage active and assisted active mo 
tions and local heat and then replaced m 
the bivalved piaster which is snugly bound 
up with strap or bandage 
In either case at the end of the sixth 
week (sometimes later) the plaster of pans 
fixation IS removed and the leg goes into a 
low leg imbuhtory splint which is of the 
double upright type which will allow pro 
tected weight bearing This leg brace should 
be used generally for another three to five 
weeks and then gradually discarded Thus 
the average treatment peiiod ranges be 
tween 10 to 12 weel s Delayed or nonunion 
of the internal malleolar fracture may cau c 
prolongation of this period Here again in 
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many cases a custom-made leather inner 
sole with a plantar pocket for felt-pad in- 
serts may be used. Also, if the foot has a 
tendency to varus a reversed Thomas heel 
(1/6 inch) is indicated. (See Fig. 911.) 

Class III. In this class, Cotton places 
those cases in which there is a posterior 
(or posterolateral) displacement of the foot 
with a bimalleolar fracture, plus a fracture 
of the lower posterior tibial articular sur- 
face (Figs. 914-922). In order to obtain 
anatomic reposition in these cases by the 
closed manipulative method it is paramount 
that treatment be instituted at once The 
type of anesthesia which the author likes 
best in this instance is a low-dosage spinal 
anesthesia because it gives belter muscle 
relaxation than any other form of anes- 
thesia. However, if preferred, or If spinal 
anesthesia is contraindicated, any other 
form of anesthesia, including local, may be 
used. Again, local acute tissue pathology is 
no contraindication to immediate reduction 

With the patient under anesthesia the 
surgeon grasps the foot with his two bands, 
one about the heel and the other about the 
dorsum of the foot, and exerts rhythmic in- 
creasing traction on the plantar fle.xed foot 
(counter-traction being obtained generalK 
by an assistant holding the leg above the 
ankle and with leg well flexed at the knee) 
With this traction maintained, the surgeon 
rocks the foot into dorsiflexion while, at the 
same time, the assistant exerts sudden dor- 
salward pressure on the lower end of the 
tibia. This maneuver will generally reduce 
the displacement of the foot, and if the 
x-ray examination has previously revealed 
that the tibial fragment is narrow at its pos- 
terior-joint end, this dorsiflexion will gen- 
erally lock the foot and retain that fragment 
in place. However, if the lower end of the 
tibial fragment is so wide as to appose some 
of the astragalar articular surface, it will be 
found that, after the displacement Las been 
reduced, the posterior fracture fragment is 
best retained in position by putting the foot 
in about 100 to 110° plantar flexion. This 


point has been driven home to the author 
by open reductions and fixations on such 
cases Following this step the malleoli are 
carefully molded, special attention being 
paid to the lower tibiofibular articulation 



Fig. 920 Fivation folloiving reduction 
of Fig. 914. In this figure note length of 
cast, flexion at knee and position of foot 
This was tie initial fixation in this case 



Fig 921. (he)!) Second cast of case 
shown in Fig 914 

Fig. 922. {Right) depicts walking 
cast applied to case shown in Fig 914, 
three weeks following application of cast 
shown in Fig. 920 Note edge of felt 
padding showing at upper end of cast 
and also just proximal to tees. 

to be certain that the normal ankle mortise 
is regained (Figs 923, 924). 

[In reducing this fragment of the pos- 
terior articular portion of the inferior tibia 
it is important to keep the knee well flexed. 
Similarly, reduction is difficult, if not im- 
possible, to maintain with the knee slraighl. 
For this reason it is felt by many that the 
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knee flexion m immobilization for the first \enously the pillow removed the malposi 

three weeks should be 50 to 60“ le with tion corrected and the usual high plaster 

the knee at an angle of 120 to 130“ The applied 

lessening of tension on the calf muscles Anatomic reposition of the posterior mar 

attached through the tendo achillis is of gmal tibial fragment is essential If this 

course the purpose of flexion at the knee fracture is of any real width at its base 
—Ed ] the articular end and is displaced an 

Fixation For fixation a circular plaster eighth of an inch or more from the articular 
of pans IS applied It extends from mid surface it is quite likely if not reduced to 
thigh to the toes the knee being in 25 to become the cause of subsequent persistent 
30“ flexion [See editorial note preceding pain m the ankle on weightbearing Such 
this paragraph ] Here again if the surgeon an end condition generally requires an 
prefers he can use the sugar tong and pos ankle joint fusion So if good reduction 



Fig 92i (Lelt) \ ray views of another of th s type of fracture of the ankle (Cotton s 
Type III) Note w dened ankle mortise 

Fig 924 (Right) Postreduction films of case shown in Fig 923 These show reposition 
with a snug ankle mortise 

tenor molded plaster of pans splint fix is not obtained and the patient s general 
ation or the Stimson type However the condition warrants it an open operation 
author has found the circular type of plaster with reduction and internal fixation by 
more nearly foolproof Of course where the screw is in order (Figs 925 927) 
tissue reaction is severe the Gurd pillow In anUe cases of this type which come 
splint fixation should be used first and the late to the surgeon for treatment and where 
leg placed in an appropriate support of the attempt made at reduction has been un 
the Braun type This pillow splint is re successful continued traction should be 
placed as soon as deemed safe by the regular used This is best obtained by Kirschner 
high plaster of pans It is well to ha^e a wire traction through the os calcis with the 

check up X ray examination made in sudi a foot held more or less in plantar flexion an 1 

case just before the pillow splint is remo\ed the leg placed on a Braun splint This is 

so as to be certain that no slipping away kept up for ten days or so and then under 

from the initial reposition has taken place a general anesthetic an attempt is made to 
If a change of position is noted m this X ray reduce the fracture If this reduction is 
the case should be gi\en pentothal intra good the usual plaster fixation can then be 
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Fig. 925. Bimalleolar fracture of ankle with 
fracture through posterior lower lip of tibia 
and a posterior dislocation of foot. In this 
case note comparatively wide base (joint 
end) of posterior tibial fragment. 


Fto. 926. Postreduction plate of Fig 925 
Shows an unsuccessful attempt at reduction. 
Posterior lower tibial fragment was not re- 
duced and if left in that position \\outd, in 
our opinion, have caused a painful and crip- 
pling tlbio-astragalar joint, so open operation 
and internal reduction and furation were de- 
cided upon. 


Fig 927 Postoperatne films of Fig. 925 
Note position of nail and smooth libio- 
astragalar joint line. Reduction and fixation 
were done through a posterolateral approach 
to lower end of tibia 
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applied Such i procedure may save a case 
from an open reduction 
The convalescent care of cases that have 
been successfully reduced and put in plaster 
fixation IS extremely important If this fix 
ation IS removed too early the initial 
reposition may be lost So m these fractures 
the high plaster is retained intact for from 
two to three weeks and then it is carefully 
replaced by a snug filling plaster to the 
knee We do not hi e these to be of the 
walking type since it has been our expen 


daily massage foot and ankle exercises and 
hot soaks or the hot whirlpool bath if 
accessible It is worn for the next six to 
eight weeks Then it is advisable for the 
patient to use a well fitting mesh or laced 
leather ankle support when taking long 
walks or laterwhen playing tennis dancing 
etc The disability period in these ca'ses is 
usually quite protracted 14 to 18 weeks is 
a fair estimate 

Those fractures of this type in which an 
open reduction and internal fixation by 



Fio 928 (Left) Comminuted fracture of lower end of tibia (Cottons Class IV) 
Note upward thrust of foot and disturbance of ankle mortise 
Fio 929 (Right) Comminuted fracture of lower end of tibia plus fracture of fibula 
This case was not amenable to ord nary closed reduction methods nor adaptable to 
efficient open work because of the multiple comminution Hence it was treated by 
Kirschner wire traction 


ence that these injuries even with snug 
fitting plaster may show some recurrent 
displacement if such protective weight 
bearing is allowed As a rule the low plaster 
IS bivalved at about the end of the fourth or 
fifth week and carefully directed and intel 
ligent physiotherapy is begun This is done 
in the same manner as previously described 
From the end of the seventh to the tenth 
week all plaster is removed It is immcdi 
ately replaced by a form fitted low leg am 
bulatory splint of the double upright type 
with a cpecial protective leather cuff over 
the lower end of the tibia (See Fig 911 ) 
This brace is removed only to allow for the 


nails or screws is done have a shorter dis 
ability period and the after care is much 
simpler With the posterior fragment held 
snugly in place by screws the malleolar 
fractures well molded or also retained by 
screws and any diastasis corrected and the 
lower ends of the tibia and fibula held snug 
by means of a screw the plaster fixation 
need be only a simple light circular plaster 
or merely a well fitted posterior plaster of 
pans shell 

When the wound is healed and the su 
tures are out active and assisted active 
motion can be instituted The simple fix 
ation can be omitted at the end of the fourth 
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or fifth week and the convalescent splint as 
)ust described used in its place for another 
four weeks or so. In other words, if no post- 
operative complications are encountered, 
the disability time in this kind of compli- 
cated ankle fracture-dislocation is about cut 
in two. This warning, however, should be 
given here: the open reductions and internal 
fixations of such fractures should be left to 
the bands of surgeons well accustomed to 
and experienced in such procedures. They 
should not be done by the surgeon who sees 
only the occasional fracture case. [See dis- 
cussion of open reduction, Chapter 22. — 
Ed.] 

Class IV, This class consists of those 
ankle fracture-dislocations in which there is 
an upward displacement of the foot with a 
resulting comminuted fracture of the louer 
end of the tibia. Ankle injuries of this Ope 
are real problems and give the greatest 
trouble due to the large number of poor cnd- 
cesuUs (Figs. 928-93U. 

The conservative treatment of these ankle 
fractures may be carried on in two ways: 

1, Under general anesthesia, preferably 
of the low-dosage spinal tjpe, sustained 
skeletal traction by means of a Kirschner 
wire through the os calcis is followed by 
local manipulation and molding of the frag- 
ments, by hand or by a redresseur. TTiis is 
best done with the aid of the fluoroscope. If 
adequate reposition is accomplished, then a 
circular plaster of paris is carefully applied, 
the wire traction being maintained during 
its application. The foot is ordinarily kept 
at right angles. In some cases, it is found 
that reposition of fragments is best retained 
by the foot in plantar flexion and the wire 
is then passed through the anterior part of 
the os calcis. The wire and holder are in- 
corporated in the plaster. The traction is 
released only when the plaster has set. The 
encasement should extend from the mid- 
thigh to the toes with the knee kept well 
in flexion. 

Unfortunately, relatively few of these 
fractures are amenable to successful treat- 



Fig. 930. Fig. 929 in traction. Shows 
Fig. 929 in plaster cast and in os calcis 
Kirschner wire traction, on a Thomas 
splint with Pearson flexion attachment. 
This cast was applied after several 
daj’s’ traction on a Braun frame and it 
was so applied that there would be no 
interference with continued traction but 
allowed maintenance of local malleolar 
molding and prevented rotation of foot. 
This was maintained for a little over 
three weeks and then a low snug cast 
was applied. 






Fig. 931. X-ray riews of ankle shown 
in Fig. 930. In lateral view note smooth 
outline of lower tibial joint surface. Also, 
note slight distraction in tibio-astragalar 
joint due to wire traction. 

ment by this method. However, if success- 
ful, this fixation is maintained for from 
three to four weeks and then a low, knee- 
high, snug plaster is applied. This is bi- 
\'alved in another two weeks or so, and 
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Fic 932 Comminuted fracture of foiier 
end of tibia {right ankle) No reduction re 
quired in this case because of no displacement 
of fragments Treated by simple well molded 
plaster of pans cast fixation 


Fic 933 Comminuted fracture of lower end 
of tibia (left ankle) Shows an x ray of left 
foot of same case as Fig 932 Here a closed 
attempt at reduction was unsuccessful and so 
open reduction and fixation were done 


Fro 934 X ray views of Fig 933 after 
open reduction and fixation by means of 
saews Note It would have been well in this 
case to have added a snugging transfixion 
screw through lower end of tibia and fibula 
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massage, passive and assisted active motion, 
and local heat are given daily. Following 
two or three weeks of this the plaster 
(about the eighth to tenth week) is removed 
entirely. In its place, a low-leg ambulatory 
splint similar to that used in the preceding 
1)^6 of fractures is used. Walking, daily 
foot and ankle exercises, and heat are now 
the order of the day. The convalescent 
brace is retained for from four to six weeks, 
making the entire treatment period from 
three to four months’ duration. But, as has 
been said, only a few of these cases can be 
successfully treated in this manner. 

2. The greater number of these particular 
ankle injuries are treated bj’ continued 
Kirschner wire traction through the os calcis 
with repeated molding of the fragments. 
This traction is maintained for about tbree 
to four weeks and then a circular plasler-of- 
paris is applied with the foot kept at right 
angles, traction being maintained while the 
plaster sets. The treatment from here on is 
the same as with method 1. 

The author prefers open operation, re- 
duction, and internal screw fixation in these 
fractures because of the large percer^tage 
of poor end-results in them. But early good 
operative work is practically impossible in 
many of them because of the attendant 
multiple comminution. Early operation on 
these fractures is comparable in difhculty in 
many instances with that met in operative 
work on fresh os calcis fractures. Those 
cases in which the comminution is limited 
and the bone fragments of fair and concrete 
size, if closed manipulation plus traction 
does not gi%'e reposition, are favorable ones 
for open operation. If this can be done the 
convalescent time is shortened and a good 
end-result may ensue (Figs, 932-934). (For 
the use of the various forms of pin-dis- 
traction apparatus, including the Haynes, 
Stader, and Roger .Anderson apparatuses, 
see Chapter 22. — Ed.] 

During the convalescent weight-bearing 
stage of these injuries frequent and careful 
obser\-ations, clinically and by x-ray, must 


be made. If the patient is found to have 
more or less persistent pain in the tibio- 
astragalar joint area on walking, and if that 
pain seems to increase as time goes on, then 
a tibio-astragalar arthrodesis is in order. It 
will be found that such a fusion has to be 
done in many of these cases in order to give 
the patient a painless-functioning lower ex- 
tremity, If the fusion is successful with the 
foot in a good weight-bearing position, there 
should be no real ensuing disability, [See 
ankle-joint fusion. Chapters 7 and 15.— 
Ed.] 

FracUires oj Foot 

The treatment of fractures of the foot is 
a most serious proposition. Good end-results 
in displaced fractures of the astragalus, 
cuboid, scaphoid, and os calcis are difficult 
to attain. Even after more than 20 years of 
more or less concentrated work on the os 
calcis, the author has found himself pushed 
to attain even 73 to 80 per cent good end- 
results in those os calcis fractures of the 
“smashed” t>pe (comminuted fractures into 
the subastragalar joint). Too often, follow- 
ing foot fsactusea, one sees feet painful on 
walking, nith crippling joint pains, contrac- 
tures, local deformities, and painful trau- 
matic flalfoot, or with a disabling heel or 
a foe-drop position. From an economic 
standpoint, poor or even fair end-results in 
such injuries are disastrous to men requir- 
ing skilled footwork, such as “pole-men” in 
the telephone and telegraph companies, 
structural-steel workers, roofers, painters, 
and professional athletes. It is important 
that every so-called “foot sprain” should be 
given a careful x-ray examination before it 
is diagnosed as negative in regard to frac- 
ture or dislocation. Before proceeding with 
the treatment proper of these tarsal and 
other fractures, see Figs. 935-937 for a fair 
anatomic picture of the foot. 

FRACTURE OF ASTR.AG.AtUS 

Before discussing the treatment of these 
fractures it should be noted (Holmes and 
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Fig 935 Sagittal section of ankle and foot Drawing of a specimen 
taken from Tufts Medical School Unfortunately all the metatarsals are 
not seen It gi\e5 a fair picture of the various joints — tibio-astragalar 
calcaneo asttagaUr etc — and of the various tarwl bones and their rela 
tionship to each other In this section one gets a clearer conception of the 
so called angle of incidence formed by a line drawn parallel to posterior 
calcaneo astragalar joint and one drawn parallel to upper posterior cur 
face of os calcis In viewing such a section it makes one wonder wh> 
there is no greater foot di«3bility following excision of some of the tar«al 
bones than there is as for example the astragalus or scaphoid m irreduci 
ble fractures 




Fic 936 (Lc//) Common variations of tarsus Anteroposterior view 
Fig 937 {Right) Common variations of tarsus Lateral view It is quite important to 
have in mind Fig 936 as well as this figure when scanning x ray views of the feet 
where fractures are questioned Os trigonum is quite often mistaken for a fracture of 
astragalus Here is what Holmes and Ruggles say on this 

The astragalus bears a backward prolongation of variable length which often exists 
as a separate bone, the trigonum, and when present it must be differentia ed from a 
fracture of a long process The nevt m order of importance is the tibiale externum a 
small detached bone which 'ometimes occurs at the posterior end of the «caphoid on the 
inner side of the foot 

‘ The small 'eparate center of ossification on the outer side of ihe posterior end of the 
fifth metatarsal may persist into adult life as a small bone called the ve«alianum 

Divided sesamoids in the tendons of the flexor brevis hallucis beneath the head of 
the first metatarsal are fairly common TTiey mu t be carefully differentiated from 
fractures of 'ingle «esamoids, which are extremely rare ’ 
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Ruggles’) that “the astragalus bears a back- 
ward prolongation of \ariable length which 
often exists as a separate bone, the tri- 
gonum, and when present it must be differ- 
entiated from a fracture of a long process” 
(Fig. 93S). 

In fractures of the astragalus where there 
is only an oblique fracture of the neck with 
no displacement, the initial treatment con- 
sists of a circular low-leg plaster-of-paris 
fixation, with the foot in the medial posi- 
tion, the cast being well molded, especially 
in the submalleolar and foot-arch areas. 
This splinting is retained for six or seven 
weeks. Its removal is followed by two weeks 
of daily physiotherapy consisting of mas- 
sage, active and assisted active foot and 
ankle motions, increasing toe and foot e.ter- 
cises of a non-w eight-bearing type, and local 
heat. A snug linen mesh bandage should be 
applied betweentimes This local physio- 
therapy should regain considerable of the 
lost muscular and ligamentous strength so 
Chat the patient then can begin to do grad- 
ual increasing weight-bearing. As an aid to 
the patient’s foot comfort and convalescence 
a leather inner sole with a pocket for felt 
arch pads is fitted to the shoe In such un- 
complicated astragalar fractures a return 
to normalcy may be attained from the 
twelfth week and on. 

If, however, this fracture runs obliquely 
from the neck back through the body with 
the anterior fragment depressed and the 
posterior one displaced backward and even 
rotated, or if the fracture is transverse and 
the fragments displaced, the initial treat- 
ment is more complex. The patient will 
require a general anesthetic, and the re- 
duction should be done with fluoroscopic 
aid, if possible. 

First, manual traction of the foot with 
local manipulation is tried. If unsuccess- 
ful, then, following preliminary traction by' 
means of a Kirschner wire through the os 
calcis, the fool is placed on a wooden wedge, 
and with the foot in marked plantar fle.xion 
traction is exerted on the toes. If this, with 


local manipulation, is successful in reposi- 
tioning the fracture, a circular low-leg plas- 
ter of paris is applied as in the case of the 



Fig 93S Os trigonum of astragalus 
Note how easy it would be to make a 
fracture diagnosis here. 


Fig. 939. Fracture of astragalus Note 
fracture through neck of astragalus with 
dislocation of head. LTtimateh' it re- 
quired an open reduction. 

simple fracture, with the foot in neutral 
position. This fixation is replaced by an- 
other snug one of the same type in about 
two weeks. FLxation in these cases is main- 
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Fig 940 Fracture of a tragalu- Thi» 
“how- ca-e of Fi? 939 following opera 
ti%e reduction It i> in pla ter ca't fixa 
tion Note that fracture line t, batelj 
\Lible 

tamed about eight w eeka — occa'^ionalK 
somewhat longer depending on x rax 
check up —and then the same contale^ 
cent treatment is gixer a^ alreadx de'Cribed 
When good reposition canno’ be obtained 
bj this clo-ed method an open operation is 
in order It is quite important to have ihe^e 
fractures properlx reduced In such opera 
tions the removal of anv portion of the 
a-tragalus should be avoided since such a 
procedure results in a high degree of per 
manent di^abilit The author has noted in 
one instan e nhe''e open operative work had 
been done in a taroal fracture of the 
fracture dislowation ts-pe that some tx-pe of 


degenerative osteitis had -et in fFig' 
939 941; 

This max have been due to the added 
trauma to the local circulation It ^axe a 
painful foot It IS because of such a com 
plicating po"ibilitx that the author likes to 
institute earlv phx siotherapx especialh 
heat in ihe-^ operative cases with of 
couf'-e late w eight bearing Therefore ab- 
solute fixation Is maintained in the-e ca=es 
for four weeks and then a new snug plaster 
IS applied Thi' is bixalxed as «oon as it i« 
dr>, and phx-iotherapx is begun Weight 
beanng however 1 - not begun until about 
the eighth to tenth week When it is found 
after two or three months of actual u-e and 
weightbearing that the patient has per 
'istem pain on vxalking a tibio asiragalar 
fusion must be considered Astragalectomx 
should be done onlv a* a la«t resort 

FR.\CTLRL OF TARS\L SCAPHOID 

Fracture of the tarsal scaphoid (Fig 942; 
Is quite a rare fracture Like the carpal 
'caphoid It ma> go unreco.mized For that 
reason careful x ravs must be taken of all 
severe foot and ankle injuries particularlx 
-o-caUevl foot sprains AKo these xraxs 



Fic 941 (Left) Fracture of astragalus Thi- X ra> film 
was taken 14 weeks following operation on care in Fig 
939 Astragalu- appears dead Patient has con iderable 
pain with It on slightest weight beannz -Vstragalectomx 
or fu ion 1 being con_idered m this ca-c 
Fic 942 {RigfiO Fracture of tanal scaphoid 
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must be interpreted intelligently because of 
the supernumerarj’ and sesamoid bones 
which may confuse the reading. Since this 
tarsal bone is a sort of kej stone in the 
longitudinal arch it is important that the 
fracture be well reduced. [See also Sprain 



Fig 943 Fracture of cuboid 



Fig. 944 Fracture of cu- 
boid. 


and Sprain Fractures, in Chapter 41. — Ed.] 
If the fracture is a simple one without 
displacement, then a snug plaster-of-paris 
boot is applied and retained for a six-week 
period. This is follo\\ed by a snug linen 
mesh bandage and two weeks of daily 
physiotherapy as previously outlined in the 
treatment of astragalar fractures. Weight- 
bearing is then begun but some well-fitting 


arch support preferably of the leather inner 
sole t>'pe should be worn for several months. 

In the more complicated types where the 
scaphoid is comminuted the patient will 
have to be initially treated under a general 
anesthesia. If ordinary closed reduction by 
traction and manipulation is successful the 
procedure as just outlined is followed. But 
open operative repositioning is in most cases 
the only choice If such reduction is found 
impossible the nidely separated fragments 
should be remo\ed or even the entire bone 
may be excised The gap left by the 



Fic. 94S. Bilateral os calcis fracture. 
Man in this case fell 15 feet. (See Figs. 
953 to 956, inclushe, for x-ray pictures ) 


scaphoid removal may be partly obliterated 
by a bone graft. Crossan*'' believes a good 
result is obtained with or without a bone 
graft. The fixation folloning this procedure 
is of the same tjpe as that used in the closed 
method, but is retained for about eight 
weeks and then, after a preliminary’ physio- 
therapy’ of several weeks, gradual w’eight- 
bearing is allowed with a molded steel plate 
being worn for six weeks and this followed 
by the leather inner sole type of foot sup- 
port for another two months or so 

FRACTURE OF CUBOID 
Fracture of the cuboid (Figs. 943, 944) 
is also a rare type of fracture and, fortu- 
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natel>, the usual one has \erj little dis 
placement The treatment consists of splint 
ing bj a snug 'nell molded plaster of pans 
boot This IS remo\ed in about si^ or seven 
weeks and then the routine after care as 
outlined above is carried out \Mien there 
IS a displacement or dislocation operative 
reduction under a general anesthetic must 
be done Here again it muat be remembered 
that It IS quite important to institute early 
phjsiotherapy especially heat in order to 
stimulate the local circulation as much as 
pOiSible And of course comparativelj late 


nearly a vertical plane just in front of or 
commonly through the posterior articular 
surface between it and the astragalus with 
a lateral broadening ( piling up ) and a 
pushing up of the posterior part of the heel 
The latter displacement decreases orobiiter 
ates the so called angle of incidence These 
are most difficult cases to treat and m which 
to obtain painless functioning heels and 
feet 

At the Boston City Hospital we have 
found that a conservative method evolved 
bj us through the jears since our late chief 



Fro 946 Boston City Ho pital o$ calcis fracture opvacina: kit 
A rolled sterile towel a weighted seven pound wooden mallet 
a scalpel the sawed off upper end of a crutch longs Forrester 
clamp a sterile covered <andbag (Courtesy Hermann 0 J 
Jour Bone and Joint Surg 19 710) 


direct weight bearing (eighth week and on) 
IS al 0 in order 

CLNEIFORAI FRACTURES 
Isolated cuneiform fractures are rare 
Thej are most often seen in combination 
with metatarsnl and other tarsal fractures 
The treatment consists in a plaster of pacts 
boot with the foot at right angles the heel 
held in varus and the anterior part of the 
foot in slight pronation This fivation is 
retained for from four to six weeks and 
then the usual ph 3 Sio(herapj routine as de 
scribed is followed 

FRACTURE OF OS CALCIS 
The most common variety of fracture of 
the os calcis is that in which there is a 
rather formless comminution of the bone 
as a whole— the bone is broken through tn 


Dr r J Cotton first formulated a molding 
and fixation method for these fractures 
gives us a fair percentage of good end 
results By good end results we mean pain 
less functioning heels and feet within a four 
and one half to six month period the pa 
lients returning to their original occupa 
Uons Some of tho remaining cases (coughli 
IS per cent) obtain a similar result in about 
a 16 to 18 month period In the remainder 
(about 10 per cent) we find that some type 
of operative procedure has to be done m 
order to give a painless heel Incidentall> 
we have found that opentivelj arthrodesed 
ca<iesxrho were originally working as struc 
tural steel men telegraph pole men roof 
ere and so forth cannot take up such work 
again without risk to themselves They «ecni 
to have lost too much of the fine balancing 
power and spcingine«s of the foot (Fig 945) 





Fig. 947, DIsimpaction of fracture of os 
calcis by mallet. Patient turned on side op- 
posite injurj*. Sandbag is placed beneath er- 
temal malleolus. Then, vrith soUd heaxi 
blows, impaction is broken up and piled-up 
bone beneath etternal malJeous pounded 
domi. 


Fig. 948. Manual molding alter disimpac- 
tion. Illustrates how easily thumb can be 
pressed into depression beneath eTlemal mal- 
leolus and how heel can be molded b\ fingers 
after pounding 


Fio. 949 "Pulling down' os calcis With a 
scalpel, small incisions are made about an 
inch or so abo\e ape.t of heel Tongs are 
driven in and locked, and traction is then 
made in a rotarj' fashion, beginning downward 
and swinging upward, with counter-traction 
e.^erted just proximal to cuboid joint 


Fig 950 Remolding of os calcis by bone 
clamp. Os calcis is remolded systematically 
from e,xtemal malleolus downward by means 
of Forrester clamp. Again, traction is everted 
downward and upward with counterpressure 
in 05 calcis and cuboid areas. 


Fig. 951. Dressing and placing of submal- 
leolar pads. Small sterile dressings are first 
placed in the two stab wounds in heel, and 
then on dressings is superimposed a snug roll 
of felt, four by one and one-quarter inches, 
placed horizontally beneath each malleolus. 
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The treatment about to be described is 
one which has been evolved during the last 
20 odd >ears at the Boston City Hospital 

Preliminary Treatment (Quoted 
FROM Authors Article”) 

1 Roentgenograms are made upon admis 
Sion a lateral and an axial view of both heels 
being tal en The films of the uninjured heel 
are u®ed as a comparison for measurements of 
the injured one and t1«o to detect any bone 



Fio 952 Finished fixation cast A 
low plaster of pins cast is finally 
applied with foot somewhat inverted 
and in plantar flexion V> hile this 
cast IS hardening pressure is 
brought to bear over pads 

anomalies that might complicate the interpre 
tation of the fracture The axial view is made 
as follows A strip of two inch roller bandage 
IS placed in a loop about the anterioi arch 
of the foot with the ends held by the patient 
the foot IS drawn into moderate dorsiflexion 
the film is placed underneath the heel and the 
lower leg and finally, the axis of the xray 
tube IS directed onto the plantar surface of 
the heel at an angle of 45° In severe cases 
a thud view is taken in an effort to see more 
clearly the subastragalar joint Since compres 
sion fractures of the lower spine occur not 
infrequently with os calcis fractures (in about 


10 per cent of our cases) routine lateral and 
anteroposterior roentgenograms of the lower 
thoracic and lumbar vertebrae are made to 
rule out such fractures This procedure ha« 
been adopted by us so that no such lesion will 
be uiadvertently overlooked There have been 
patients with fracture of the os calcis compli 
cated by spine fracture who did not complain 
of any back discomfort Therefore such a 
roentgenographic check up of the sp ne is now 
the rule in our first examination From the 
roentgenograms of the os calcis the surgeon 
learns the exact amount of lateral expansion 
the comminution present the condition of the 
astragalocalcaneal joint the salient angle or 
angle of incidence the location of the vertical 
and longitudinal fncture lines (one must plot 
these lines so as to avoid them in the placing 
of ice tongs during reduction) the condition 
of the sustentaculum tali and finally the 
existence or nonexistence of subluxations be 
tween the os calcis and the cuboid or between 
the astragalus and the scaphoid 

2 The emergency treatment is very simple 
— the fool and lower leg are encased comfort 
ably in a pillow and sides splint with ap 
propnate bleb dressings and an icebag if 
deemed necessary 

3 A one or two day bone prep is given 
as soon as the acute local reaction has sub 
sided which may be from one to ten days 

Reduction and Fixation 

1 The operating kit consists of a tightly 
rolled sterile towel a sandbag with a sterile 
cover a seven pound large wooden mallet a 
pair of bone tongs the Forrester bone clamp 
a sawed oR crutch a scalpel a sterile dress 
ing and two rolled pieces of felt bound by 
adhesive (loui inches by one and one fourth 
inches) [Fig 946] 

Besides this kit there are the usual sheet 
wadding and plaster of pans bandages 

2 Local anesthesia IS never used Genemlly 
a light dosage low spinal anesthesia or a gas 
ether anesthesia is employed 

5 The technic is as follows The patient 
IS turned on the side opposite the injury and 
a sandbag is placed under the inner side of 
the heel The snugl> rolled towel is placed 
beneath the external malleolus and then with 
solid heavy blows the heaped up bone be 
neatb the external malleolus is pounded down 
until the normal depression beneath the ex 
tetnal malleolus is restored [See Fig 947 ) 
Roughly, we gauge it by placing the thumb 
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in this depression, and if the thumbnail is on 
a level with the outer surface of the external 
malleolus, we are satisfied. This procedure we 
have named “disimpaction.” Offhand it would 
seem that such hea\y pounding would cause 
terrific bruising of the tissue, with resulting 
necrosis. This is not so. In only one case did 
we get any degree of pressure necrosis and 
that was in a case in nhich we did not wait 
until all the acute local traumatic reaction 
(swelling, etc.) had subsided and in nbicb 
there was insufficient padding. We believe the 


resting against the operator’s abdomen or 
chet and the cross-bar of the sawed-off end 
resting against the sole of the foot in the 
line of the calcaneocuboid and the astragalo- 
scaphoid joints, lusty traction is made in an 
arcwise fashion [Fig. 949]. This pull begins 
in a downward and outward direction and, 
with well-sustained traction, it is carried up- 
ward and toward the operator. This tjpe of 
pull was adopted to overcome the posterior 
vertical pull of the calf muscles through the 
tendo achillis and the inferior horizontal pul! 



Fio^ 953. {Left) Lateral x-rat view of right os calcis of case shown m Fig 945 Note 
comminution extending into subastragalar Joint. (Prereduciion.) 

(Center) Lateral view of subject in left-hand illustration above, after reduction and in 
a cast. 

(liigftt) Lateral tnew of left-hand illustration, 15 months later 

Patient, J. J,, a painter, dropped 15 feet from a ladder, striking on both heels. Os 
calcis was molded and put in fi.xation and patient given routine treatment He was back 
at part-time work in five months and at full-time work m six months. There was ab- 
solutely no loss of motion, nor any local complaint of pain, especially in regard to the 
involved joints. 


tightly rolled towel with the broad-faced mal- 
let precludes such damage. 

The heel is quickly molded by hand [Fig. 
948], and the various motions are tested. The 
testing of motions, particularly the lateral, is 
important. It has been pointed out that by 
doing this we may lose our reduction in part 
or in whole. If we do not test, we will not 
know whether there still e.xists a submalleolar 
bone block, and whatever is lost at this stage 
in the reduction is regained immediately by 
the traction and remolding. With the scalpel, 
small stab wounds are then made in the upper 
posterior part of the heel (care being taken 
that no fracture lines are entered, these having 
been previously located by x-ray). The tongs 
are driven in and locked, and with counter- 
traction from the crutch, which has its handle 


by the intrinsic muscles of the foot. It is here 
that the \-alue of the preliminarj’ disimpaction 
IS felt — the large posterior fragment can be 
pulled down, whereas, if it were left impacted, 
only a long-continued traction could do this 
The tongs are now removed and the heel is 
remolded by the use of the bone clamp fitted 
with special submalleolar aluminum pads as 
devised by the author [Fig. 930]. \\'hen the 
desired compression has been obtained by this 
clamp, the traction is again applied through 
the clamp. The entire heel is carefully and 
systematically molded in thb fashion. 

* The heel L now again examined manually. 
(At this point we are to make our check-up 
roentgenograms, if possible, for we have found 
that check-ups through plaster are quite un- 

satlsfactoo’*) 
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Tightly folded sterile dressings are placed 
over the stab wounds in the heel and held in 
place by a sterile gauze strip wound about it 
A snug roll of felt four inches by one and 
one fourth inches is now carefully placed at 
a very slightly oblique angle beneath each 
malleolus [see Fig 951] 

A circular low plaster of parts is then ap 
plied with the foot m slight inversion and in 


After care 

1 The first plaster is removed in two 
weeks The submalleolar pads are carefully 
replaced and with the foot at right angles 
a new circular enca«ement is applied 

2 A new circular plaster and pads are ap 
plied every two we“ks up to 10 or occasionally 
12 weeks We do this «o as to maintain con 
slant snug pressure beneath the malleoli and 



Fic 954 (Left) Lateral x ray view of left os calcis of case shown in Fig 945 Again 
note marked comminution into subastragalar joint and pushing up of heel 

{Center) Postreduction x ray view of subject shown in left hand illustration above 
{Right) Lateral view of subject shown in left hand illustration above 


extreme plantar flexion While this is harden 
mg manual pressure is applied over the pad 
areas [see Fig 952] 

In those cases where more certain relaxa 
non of the tendo achillis is desired a high 
midthigh plaster is applied with the knee 
flexed and the foot plantar flexed Such cases 
are those in which the angle of incidence has 
been markedlj decreased or obliterated [See 
Figs 953 9 j6 ] 



Fig 953 Prereduction axial xiew 
of Figs 953 (left hand illustration) 
and 954 {lejt) 


It gives us a chance to check up on local 
conditions (Ths has taught us during the 
last decade and more that such pressure 
surely retards callus formation and conse 
quently we have been very careful in the 
placing of corrective pressure pads or appli 
ances m other tjpes of fractures ) 

3 After removal of the last plaster the 
special ambulatory os calcia splint (for which 
the patient has been measured just before 
application of this last plaster) is applied at 
once This immediate application of the brace 
IS important since the pressure pads will be 
more effective than if applied later when 
edema is pre enl (Figs 957 959] 

4 Daily massage active foot and ankle 
motions graduallj increasin„ toe and heel and 
foot rocking exercises supination plank walk 
mg and radiant heat or hot soaks ire al o 
begun after removal of the last cist (The 
author his now estibhahed a regular class at 
the Boston City Hospital where the«e ever 
ci^ are given under the direction of a trained 
lAysiotherapist ) 
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S. Full weight-bearing mthout crutches, 
but with an ambulatory splint, is begun from 
ten days to two weeks after remo\al of the 
last plaster. By that time the foot, ankle, and 
leg muscles should ha\ e regained their tonidty 
by the daily physiotherapy routine. Greater 
comfort during the beginning of this weight- 


that careful record is made of the patient’s 
pain sjorptoms If the patient complains of 
persistent pain in the affected subastragalar- 
joint region, and the original fracture was of 
the mtra-articular tj-pe and comminuted, then 
and then only do we consider fusion of the 
subastragalar joint, [For subastragalar fusion, 



Fig. 956. {Top, left) Preteduciion lateral ^^ew of fracture 
of 03 calcis with coDiminutioD into joint. 

(Top, right) Prereduction axial dew of same case. 
{Bottom, left) Postreduclion lateral dew of same case. 
{Bottom, right) Postreduction axial dew of same case 


bearing period may often be obtained by a 
one-sixth-inch Thomas heel and a well-fitting 
inner sole with a pocket for anterior and 
plantar arch pads. 

6. At the end of another six weeks (four 
and one-half months folloriing initial reduc- 
tion), the ambulator}’ splints are gradually 
discarded, arui the patient is instructed as to 
more strenuous foot exercise and increased 
walking on rough surfaces. It is during the 
early part of the direct weight-bearing period 


see Chapters 7 and 15 — Ed ] In the rare case, 
where there eras originally marked subluxation 
in the calcaneocuboid or astragaloscaphoid 
joints, which has not been wholly corrected, 
and the patient has definite pain there, a triple 
arthrodesis is considered [See Chapter 7.] 
Again, where there is definite pain in the 
trado achilfe, a lewgthealQj of that tewdow is 
considered. (See tendon lengthening. Chapter 
7 — Ed ] Where there is submalleolar impinge- 
ment pam, due to a repiling-up beneath the 
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external malleolus the piled up bone is re 
moved by operation Finally in the very 
exceptional case where the heel has been 
drawn up markedly and has not been sue 
cessfully pulled down and held, with resultant 
flat heel a Gleich operation is considered 

End results 1 1 ll e 152 Cases of Fracture of 
tJi« Os Calcts 

Result Cases Per Cent 

Good lit 73 

Fair 21 14 

Poor 20 13 

Totals 1S2 100 


The f(»t and ankle are now firmly held bv 
the left hand and with the right hand the heel 
IS manipulated laterally with repeated thrusts 
until the fracture has been thoroughly dis 
impacted Any upward displacement of the 
os calcis IS corrected by grasping the heel with 
the one hand the forward portion of the foot 
with the other hand and then pulling the sole 
of the foot with a sudden thrust against a 
vertical bar The broadened but now loosened 
bones are squeezed into place with an os calcis 
clamp AH of the procedures are done with the 
knee flexed and the foot in plantar flexion 
A well molded boot cast is applied with 



Frc 957 iLeft) Front uen of os calas ambulatory brace Note 
hinge at ankle and submalleolar pads 
Fig 958 (Center) Side vie\T of os calcis brace shown in Fig 957 
Fig 959 (Right) Rear mow of os calas brace shown in Fig 957 


Another conser%ati\e tjpe of os calas 
fracture therapy is that de\i«ed by O W 
Yoerg'"’ of Minneapolis It is best described 
in his words 

We anesthetize the patient with a general 
anesthetic to obtain complete relaxation of 
the muscles of the leg The patient is placed 
on the affected side so that the fool can be 
brought to the edge of the table, with the heel 
extended o%er the edge 


the foot in full plantar flexion Constant trac 
tion on the heel is used while the cast is 
molded under the malleoli over the back of 
the heel and under the arch of the foot 
After reduction and the application of the 
cast the patient is placed in bed with the foot 
elevated He is kept m bed for three or four 
dajs, or until his pain had disappeared Many 
of the«e patients in spite of the fact that the 
fracture is forcib!> manipulated have little 
or no pain following reduction IV hen pain has 
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subsided and we feel that there is no more 
likelihood of pull from the calf muscles, the 
patient is allowed to be up and about, using 
hb crutches He is d.scharged from the hos- 
pital, but is not allowed weight-bearing on 
the injured foot Four weeks after reduction 
the patient returns and the cast is removed. 
Radiographs will show union taking place and 
that it is sufficientlj' strong so that a cast k 
no longer necessary’ The patient is then in- 
structed to massage and to actively and pas- 
sively move the foot and ankle Particularly 
is he instructed to e\ert and invert the foot 
to bring about a return of motion in the sub- 
astragalar joinl. He continues this massage 
and manipulation for a period of four weeks 
but is not allowed weight-bearing. He returns 
again at the end of four weeks, or two months 
after reduction. The radiographs then taken 
will show that union is firm He Is allowed to 
walk on the injured foot using crutches In 
the ordinar>* tjTie of fracture he does so with 
little or no pain, and, in a few days or a neek, 
m most instances, will discard his crutches and 
walk without support. 

Still another and quite widely used so- 
called conser\’ati\e method of treating these 
fractures is the one devised by Dr. Lorenz 
Bohler.^s This method is somewhat more 
complicated than the preceding two: 

By means of traction in the aris of the 
calcaneus and in the of the leg, and by 
the plantar flexion and pronation of the front 
part of the foot, the angulation, the shorten- 
ing, and to some extent the widening of the 
heel bone trill be reduced The talus is pulled 
away from the calcaneus and the joint be- 
tween the two bones once more restored. The 
widened bone is compressed by the applica- 
tion of the compression clamp while the lon- 
gitudinal traction is kept up . . . 

For further detailed description of this 
method the reader is referred to BohlerV 
textbook, Treatment of Fractures. (In the 
Bohler method of treatment, skeletal trac- 
tion is made by a steel pin through the 
upper posterior part of the os calcis, down- 
ward and backward, with countertraction 
maintained in an upward and forward di- 
rection by a pin through the lower tibial 
shaft, the leg resting on a Braun frame, 
and a compressor is used for lateral com- 



FiG. 960 (Top) Fracture of second and 
third metatariab Treated b}' wire traction, 
plaster boot, with stout wire loop incorporated 

in it. 

Fic. 961. (Cetiler) Comminuted fracture of 
first metatarsal. Treated by wire traction as 
in Fig. 960. 

Fig. 962. (Bottom) Dblocation of first 
metatarsal at the metatarso-cuneiform joint 
complicated by fractures of bases of other 
metatarsab. 
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pression as with the Forrester clamp A 
techiwc of reduction along similar lines is 
provided by the Haynes Stader and Roger 
Anderson apparatuses (See Chapter 22 ) 
-Ed ] 

The avulsion type fracture of the os 
calcis in which the tendo achillis pulls out 
a more or less triangular piece of bone from 
the back of the os calcis requires an open 
operation in most cases This consists sim 
ply in exposing the site of fracture throug^i 
a posterior incision replacing the tom off 
fragment anchoring it by suture or by nail 



Fio 963 Case shown m 
Fig 962 treated by wire 
traction cast and banjo 
splint 

and then with foot in plantar flexion apply 
mg a circular plaster of pans This should 
be remo\ed in two weeks time the sutures 
removed and a new plaster applied with 
the foot held in a position midway between 
the initial postoperative one and a right 
angle In another week or so this can again 
be replaced by a light plaster of pans boot 
with the foot in a neutral position This is 
retained until union is established (usually 
m another week or so) and then pbjsio 
therapy is begun Guarded weight bearing 
can soon follow The disability penod is 
about eight to ten weeks depending upon 
the patient his occupational demands and 
the speed of union 


FRACTURES OF METATARSALS 

These fractures occur more often than 
IS suspected and are too frequently over 
looked until persistent pain on weight 
bearing has called attention to the possi 
bility of the lesion There are two tvpes of 
metatarsal fractures caused b> prolonged 
strain (as in soldiers on long marches or in 
nurses w ith continuous hours on hard floors) 
or by dancing or running They are known 
respectively as the march foot or pied 
force and the dancing fracture 

The march foot is generally a fracture 
through the shaft (middle) of the second 
and sometimes the third metatarsal bones 
It appears as a rule without an> real acute 
traumatic history Such an injury shows 
soft tissue reaction in the dorsum of the 
foot (swelling and so forth) and localized 
pain and tenderness over the affected meta 
tarsal bone These cases require initial rest 
elevation and continued local beat Then 
when tissue reaction has subsided a low 
snug plaster of pans encasement is applied 
This IS retained for about a month and is 
followed by a well fitted shoe equipped with 
a metatarsal bar and a leather inner sole 
with a plantar pocket for felt pads Uell 
directed physiotherapy must also be given 
such a case at that time It should consist 
of local heat (hot whirlpool bath) massage 
and foot and ankle exercises and should be 
continued until all local signs have sub 
sided 

The dancing fracture as Sinclair*^ 
stales affects the styloid of the fifth meta 
tarsal It is quite painful and crippling and 
IS generally of some economic importance 
to the victims of such an injury The treat 
ment of such a fracture is practically as out 
lined below in regard to simple metatarsal 
fractures 

A simple fracture of a metatarsal with 
out displacement needs only a well molded 
plaster of pans boot The fixation however 
should be retained for seven or eight weeks 
and then weightbearing should usually be 
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resumed. It must be remembered that too 
early and sudden ^ eight-bearing causes for- 
mation of e.xces5 callus ^^hich, as a rule, 
is quite painful. These fractures act, in this 
respect, much like the fractures of the os 
calds. During this gradual return to weight- 
bearing, massage, local foot and toe exer- 
cises, and heat should be given. Also, the 
patient’s foot should be fitted to a molded 
semi-rigid steel foot plate or a well-fitting 
leather inner sole as already described. The 
average time required for a return to nor- 
malcy is about 12 weeks (Fig. 960). 

In fractures with displacement the reduc- 
tion requires a local or general anesthetic. 
It is ^ell to note here that although lateral 
displacement may not cause later disability, 
plantar deformity is apt to give pain during 
the convalescent period. In those cases 
tthere ordinary traction and manipulation 
give good reposition, and where there is no 
immediate tendency to slip out of position, 
a simple molded plaster-of-paris boot is all 
that is needed for fixation. The rest of the 
treatment is the same as already outlined. 

If, however, manual traction and manipu- 
lation do not succeed in replacing the frac- 
ture fragments, or in cases where there is 
marked comminution, the procedure is to 
insert Kirschner wires through the toe or 
toes of the affected metatarsal bones and, 
with traction on them, to draw and ma- 
nipulate the fragments into position. If the 
procedure is successful, a snug plaster-of- 
paris boot is applied, the traction being 
continued, maintained by attaching it with 
rubber bands Co a loop of wire incorporated 
in the plaster boot (a form of banjo splint- 
ing). This traction is maintained for three 
or four weeks. A fresh snug plaster-of-paris 
boot is applied following the removal of 
the wire traction with the old one. The 
second boot is retained for another four or 
five weeks and then the gradual weight- 
bearing period is begun with the customaiy’ 
physiotherapy and arch support (Figs. 
961-964). 

UTien reposition is not obtained by this 


method, recourse must be had to open re- 
duction. For the internal fixation in these 
cases following reduction, the author advo- 
cates the use of special miniature steel 
plates and screws which he first devised 
and used on metacarpal and phalangeal 
fractures several years ago and which ha%e 
been improved upon by suggestions from 
Dr. William Sherman of Pittsburgh. By the 
application of these plates and screws the 
reduction is maintained with a certainty 
that the author ne\ er experienced w ith ordi- 
nary drilling and catgut or fine wire ties. 
In fact, he considers their use in multiple 
metatarsal fractures with displacement 



really to be the method of election. Follow- 
ing such fi.xalion only a light boot is neces- 
sary which can be bivalved in three or four 
weeks, when physiotherapy is begun. How- 
ever, even in these cases weight-bearing 
should not begin too early lest there be 
painful e.w:ess callus formation (Fig. 96S). 

In concluding the subject of metatarsal 
fracture therapy it must be mentioned that 
subfascial hemorrhage of the dorsum of the 
foot sometimes complicates a metatarsal 
fracture and crushing trauma to the foot. 
One of the author’s former teaching resi- 
dents, Dr. H. M. Childress,*^ has written 
a paper on “Subfascial Haematoma as a 
Complication of Crushing Injuries to the 
Foot” in which he recommends immediate 
incbions to release and remove the sub- 
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fascial hematoma He believes that release 
by transverse section of the cruciate and 
transverse ligaments of the foot and ankle 
should be considered m persistent circula 
tory block and that delayed or inadequate 
treatment results in the so called congealed 
foot or in necrosis of the soft tissues of the 
dorsal forefoot and toes 

FRACTLRES OF SESAAIOID BONES 
Sesamoid bones and other variations in 
the tarsal and metatarsal area must be 
considered in foot fractures The diagrams 
reproduced from Holmes and Ruggles** 



Fig 965 'Miniature bone plating out 
fit Plate 2 hole inches long % inch 
wide at widest part Plate 3 hole lyi 
inches long ^ inch wide at widest part 
Plate 4 hole inches long A inch 
wide at widest part Screws 5/32 inch 
long Screwdruer 4^ inches long 
Drill point inches long Size 44 
Plates and screws of \anadiuin steel 

Roentgen Interpretation give a clear idea 
of them (see Figs 936 and 937) 

Fractures of the sesamoid bones are quite 
uncommon but when they do occur they 
cause marked pain at every step m walking 
\ most careful \ ray examination and m 
terpretation must be made m suspected 
cases The treatment of fractures of the 
sesamoid bones under the head of the first 
metatarsal consists m the application of a 
snug fitting low leg plaster of pans boot 
This IS retained for from four to six weeks 
when definite callus formation is «een by 
X ray 

Following the removal of the plaster the 
treatment as laid down by Hauler’* should 
be followed The patient should wear a 


comfortable shoe fitted preferably with a 
transverse bar on the outside to take the 
weight off the region of the heads of the 
metatarsal bones A slight raise is applied 
to the heel of the shoe on the inner side 
In another three weeks or so the bar is 
higher on the outer than on the inner side 
and the patient is trained to walk so that 
the ball of the toe receives most of the 
weight Mhen normalcy is restored the pa 
tient returns to his regular footgear 

In those cases where pain persists in spite 
of that treatment the offending sesamoid 
should be removed And as G Morrison' 
has stated the incision must be placed as 
advantageously as possible to avoid a pain 
ful scar The usual approach is through a 
medial plantar incision or through a small 
curved plantar incision just distal to the end 
of the first metatarsal 

FRACTLRES OF PHALANGES 
or TOES 

It IS more or less generally agreed that 
fractures of the terminal and middle pha 
langes of the toes give comparatively little 
trouble and are not very disabling The 
treatment may consist in (l) simple adhe 
sive strapping of the affected toe tying it 
up to Its neighbor or (2) a simple splinting 
by one of the several pliable aluminum 
splints which fit over the toe Fixation in 
such cases can be maintained for two or 
three weeks However it should be stressed 
here that as Forrester says the age of the 
patient and the possibility of diabetes are 
always advisable to take into consideration 
in th^ cases 

Fractures of the proximal toe phalanges 
without displacement may be treated quite 
simply by means of a well molded plaster 
boot which IS retained for from two to 
three weeks A wooden plantar splint cut 
to the shape of the foot but extending «ome 
what beyond the toes with appropriate felt 
padding and strapped firmly to the 'ole of 
the foot by means of adhesive strapping is 
also a simple type of fixation 
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^\^:ere there is displacement in such a 
fracture, there is first the problem of re- 
duction, and, secondly, maintenance of this 
by fixation. \Miere reduction is easil}’ done 
a simple well-molded plaster-of-paris boot 
may be all that is necessary. This should be 
retained for three weeks or more until union 
has been established. WTiere replacement is 
difficult to maintain, or where it has a tend- 
ency to angulate dorsally, a thin Kirsdiner 
wire should be inserted through the toe and 
traction maintained by means of a banjo 
wire splint incorporated in a snug plaster- 
of-paris boot. This traction should be main- 
tained for from two to three weeks and 
then a well-fitted walking plaster boot ap- 
plied and retained for another two weeks 
or so until the bony union is firm. 

In very obstinate cases, or in cases of 
multiple phalangeal fractures where even 
wre traction does not give good reposition, 
open reduction and fixation by means of 
miniature plates and screws is advised. 
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Treatment of Sprains Including 
Marginal Joint Fractures 


Paul H. Harmon, M.D. 


General. The seriousness of sprains is 
often not fully considered by the general 
surgeon and others who undertake to treat 
them. These injuries require the same 
amount of care in diagnosis and treatment 
as fractures or more extensive injuries in- 
volnng the joints. The injur>' producing the 
sprain is frequently the same as or similar 
to that producing a fracture into the Joint 
except that in the former there is no break 
in the bone. There may or may not be dis- 
placements of the joint surfaces, depending 
upon whether laceration of the ligaments 
allows such bony displacements. The e.xtent 
and type of ligamentous injury must be 
definitely decided before the treatment of 
sprains can be carried out. 

A sprain is defined as a trauma to a Joint 
characterized usually by ligament injury’ 
and occasionally by' damage to adjacent ten- 
dons. If untreated, pain, swelling, and func- 
tional disability in proportion to the type 
and extent of the injury' are seen. In the 
usual types of sprains, unaccompanied by' 
joint, tendon, or muscle displacement, much 
pain and subsequent disability can be fore- 
stalled by prompt injection of a local anes- 
thetic agent : this treatment is recom- 
mended by the author. It should be pointed 
out that there is no hard-and-fast line as to 
where a sprain ends and marginal fracture 
begins. Chips of bone are sheared from 


the underlying bone, and ligaments are 
stretched or torn in identical injuries of 
Joints. The varied type of injuries that have, 
in the past, masqueraded as “sprains” has 
not been fully appreciated until recent years 
when injuries have been regularly subjected 
to roentgen diagnosis and close scrutiny. 

It is important that patients who suffer 
sprains be returned to their functional use- 
fulness and occupation as soon as possible 
The newer methods of treatment, which 
include local anesthetization of the injured 
area, allow the patient to use the extremity 
from the earliest moment Edema of the 
ligaments and other periarticular structures 
is thus reduced, since active use improves 
the circulation of the part Swelling, on the 
other hand, is favored by the older treat- 
ments which utilize immobilization. This 
discussion of sprains will stress early' func- 
tional return which depends upon exact 
diagnosis of each injury', since effective 
treatment can be based only upon such con- 
siderations. 

The treatment of injuries by rest and 
immobilization had been practiced rou- 
tinely until its efficiency began to be ques- 
tioned by certain radicals such as David 
(1779) and Lucas-Championniere (1889), 
who witnessed the stiffened joints that re- 
sulted in certain types of fractures from 
prolonged immobilization. Their influence, 
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however was lessened by general inertia 
and by the positive advocacy of rest by the 
English school (Hugh Owen Thomas and 
Sir Robert Jones) only to be fully vindi 
cated and properly placed by modem 
technic As m other controversies there was 
some element of truth in both principles it 
remaining to modern detailed diagnostic 
anal) sis to employ the correct quantities of 
both rest and motion in each injury An 
exact and complicated balance of rest and 
directed actue and/or passive motion 
(physiotherapy) is now utilized m the post 
operative or after treatment of injuries 
These detailed schedules of rest and motion 
will be presented with each injury 

Three modern surgeons who have con 
tributed fundamentals to th® treatment of 
bone and joint injuries are Sir Robert Jones 
(1855 1933) L Bohler and R Lenche Sir 
Robert Jones emphasized the necessity of 
gentleness and exactness followed by pro 
longed and absolute rest in the treatment 
and reduction of fractures and joint injuries 

The work of Bohler marls the modern 
revolution in the treatment of bon® and 
joint injuries from the rest technic to one 
where function is maintained in proper sup 
port at the onset of the injury This author 
popularized the immobilization of fractured 
fragments by sterile nails and pins and (he 
skm tight plaster He demonstrated the 
technic of local anesthesia by the injection 
of noiocaine into the fractured area thus 
disproving a concept held for many years 
that the fresh hematoma of a fracture could 
be easily infected 

Bohler de^cnbed his principles as fol 
lows 

The broken limb can be made to function 
m the best and quickest manner i! the broken 
fragments are restored to position as exactly 
as possible and if during the period of ncces 
sary fixation which follows appropriate meas 
ures are taken for the prevention of muscle 
wasting stiffness of the joints and damage to 
the circulation Active movements arc 

superior to passive in the following respect 
active motion can alwajs be carried out by 


the injured person passive movements at the 
most can be appl ed for one or two periods 
daily wh le during the remaining hour* 
he IS a sick man and suffers pain 

[It IS perhaps an exaggeration to desig 
nate the work of Bohler as revolutionizing 
the treatment of injury and to imply that 
It involvred new principles or practices It is 
correct to say that he did much to popu 
lanze the principles and practices evolved 
by others and developed an excellent or 
ganization for seeing that they were ade 
quately carried out Ed ] 

Lenche has been the recent advocate of 
deadening by local anesthesia the joint 
pain of sprains and the acute injuries to 
the soft tissues stressing the abolition of 
circulatory changes and the possibility of 
early function which result He believed 
that the circulatory changes following 
trauma are due to sensory nerve ending 
stimulation by edema and by lacerated tis 
sue which afferent impulses produce reflex 
vasodilatation Opening up the arteries pro 
duces further effusion and the latter more 
intense sensory impulses This constitutes 
a VICIOUS circle which can be broken only by 
abolishing the sensory stimulation by a local 
anesthetic or minimizing the swelling by 
local support 

The modern system of treatment of 
sprains and other painful myofascial syn 
dromes is based upon the principles of 
Lenche added to the early and active mo 
tion advocated by Bohler The results are 
immediately pleasing to the patient and a 
rapid recovery ensues At times immobili 
zation must be utilized as the major method 
in the treatment of a special condition and 
direct operative attack is likewise often in 
dicated The promotion of weightbearing 
and a certain amount of motion accelerates 
recovery from operation 

[It IS essential that it be understood that 
the injection of local anesthelic is not for 
the purpose of pain relief per se but for the 
purpose of alloKiiig raumption of twrtnal 
or nearly normal junction thereby Unless 
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functional activity is enforced, the injection 
becomes relatively valueless.— Ed.] 

GENERAL METHODS: DIAGNOSIS, 
DIFFERENTIAL DIAGNOSIS, AND 
TREATMENT OF SPRAINS 
E\ery joint which does not need to be im- 
mobilized must be actively exercised from 
the first day of injury. Failure to obey 
may be responsible for complications 
A\hich remain permanently despite treat- 
ment. — R. Watson-Jones. 

Those who treat sprains and other in- 
juries should follow a routine method of 


osity tenderness, etc ) can be detected only 
b}' abolishing pain, which is best done by 
local injection anesthesia. Records should 
include joint range and appearance after 
local anesthesia. The only contraindication 
to the use of novocaine for diagnostic pur- 
poses is the presence of a heavily contami- 
nated open wound directly over the pro- 
posed site of injection or the history’ of 
spedal idiosymcrasy to the drug. 

Present-day practice demands that esery 
injury be subjected to roentgen diagnosis if 
at all possible. To neglect to do so may be 



Fig 966 Roentgenograms demonstrating intra-artlcular bodies frequently unassociated 
with injury or fracture and wronglj diagnosed sprain (Lejt) Osteochondritis dissecans 
of elbow Loose body near defect from which It arose. {Center illustrations) Inira- 
articular loose body in adult from recent fracture of lateral portion of trochlea {Right) 
Osteochondritis dissecans of knee. Arrows indicate loose bodies. 


examination, including a written history’ of 
the injury with data upon the time, place, 
circumstances, and witnesses to the acci- 
dent or trauma. These data are essential 
for both patient and surgeon for reports, 
and for later contact with the case in the 
event of settlements and medicolegal com- 
plications. 

The injection of novocaine into a painful 
area is as much a diagnostic as a thera- 
peutic procedure. Special sprains where 
specific treatment is indicated (complete 
tear of the lateral ligament of the ankle, 
tibiofibular joint separations of minor de- 
gree, “reflex” sciatica, periarthritis of the 
shoulder in the presence of greater luber- 


interpreted as malpractice Chip fractures 
and marginal joint fractures differ from 
simple sprains not only upon the roentgen 
film but also in subsequent history. Injuries 
and diseases of the epiphyses, the quiet or 
aseptic necrosis of bone, accessory’ bones 
and other anatomic xariants, and bone 
atrophy and disease should be excluded by 
the roentgen ray before acti\e treatment of 
an alleged injury’ is undertaken. Fluoro- 
scopic screening for the examination for 
fracture should not be used extensively' be- 
cause of the attendant danger and because 
the poor bone detail will cause certain in- 
juries to be missed. Medicolegal require- 
ments make it a wise precaution to see that 
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films of everj injury are retained in the 
files 

In the past certain small bone injunes 
and injuries auxiliary to certain fractures 
have been relegated to the category of 
sprains by neglect of such special modem 
methods as three plane roentgen examina 
tions stereoscopic films interval roentgen 
examinations and roentgen examinations in 



Fig 967 Roentgenograms showing 
march fracture {Lejl) Anteroposterior 
view of foot on occasion of patient s 
frst V sit \lthough pa»n m foot was 
present this film fails to visualize bone 
injury {Right) Similar view of same 
foot four weeks later One can see a 
fracture line in the third metatarsal 
whch IS surrounded by calcification in 
the subperiosteal zone This injury .s 
often mistaken for bone tumor by 
roentgen ray and for spram clinically 

(liffeteut jQvwt positions Oblique views ate 
of special value in demoostralmg chip frac 
tures of the small bones of the wrist ankle 
hand and foot the distal end of the radius 
and ulna tibia an 1 fibula and for visualiza 
tion of the intervertebral pedicles 
Stereoscopic paired films of the major 
joints are useful in accurately locating 
intra articular bodies (Fig 966) bone 
islands foreign bodies etc which under 
certain conditions ma> he misinterpreted 
as marginal fractures Even if the first 
roentgen films show no fracture later films 


taken after five to ten days may easily 
demonstrate the line of fracture or indirect 
evidence such as calcification under the 
elevated periosteum The former situation 
IS commonly encountered in the small bones 
of the wrist and foot while the so-called 
march fracture of the metatarsals (Fig 
967) metacarpals and many other bones 
are instances of the latter Auxiliary 
roentgenograms in flexion and/or extension 
of a joint may successfully demonstrate a 
marginal or joint fracture when the usual 
films in the neutral position of the joint 
will fail to show the injury These special 
methods are cited because their careful ap 
plication will result in accurate diagnosis 
Many chronic sprains in the past were 
injuries which could have had appropriate 
treatment if more care had been followed 
in the original diagnosis of the injury Fig 
968 shows the roentgenograms of several 
cases which had been erroneously diagnosed 
in the absence of such films as sprains 
The lesions of bones that are collectively 
classif ed as quiet or aseptic necrosis of bone 
have received recognition and increased at 
tenlion during the past two decades Many 
of these conditions (Fig 969) present them 
selves to the physician as a painful joint of 
varying degrees of seventy and may simu 
late sprains since a history of trauma is 
often obtained These bony changes are 
found about the hip knee and foot usu 
ally m the growing child or adolescent 
Fig 969 reveals certain special examples 
The aseptic necrosis of the Uhial tubercle 
(Osgood Schlatter s disease) and similar 
changes in the tarsal navicular (Kohlers 
disease) in the distal heads of the meta 
tarsals and the epiphyses of the phalanges 
often give a history of trauma The treat 
ment of these lesions is discussed in another 
section of this volume {see Chapter 18) 
Aseptic necrosis of certain bony frag 
ments frequentlj occurs in marginal or chip 
fractures and in fractures or dislocations of 
certain small bones particularly of the 
proximal carpus and in the astragalus The 


GENERAL 

site of injury of these latter bones plays an 
important part in determining whether they 
will undergo aseptic necrosis, as the depri- 
vation of blood supply is often a function 
of the direct injury of blood vessels. Many 
a chronic sprain will be found to be actu- 
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for six months before the roentgen ray dem- 
onstrated the cause of pain. 

An intact nervous pathway for all types 
of sensation, particularly joint and deep 
sensation, apparently protects the normal 
person from injuries which would otherwise 


A 


B 



Fio. 968. Roentgenograms of several case* 
which had been diagnosed erroneously as sprains 
Many had never been subjected to roentgen e.v 
amination when the original diagnosis of ‘ sprain*' 
was made. (A) Old ununited fracture of carpal 
navicular. This patient suffered a “wrist sprain*' 
in a football game, which continued to be pa'nlul 
for many months and then ceased to annoy him 
Nine 5 ’ears later in a particularly severe 
recrudescence of pain the patient, then a surgeon 
himself, had this roentgenogram taken (B) Con- 
genitally separate center of ossification for ulna; ^ D E 

styloid. This had never given patient pain 

until he suffered a “wrist sprain” six months previousl}’ It had continued to gh’e rise to 
siTOptoms. (C) Anteroposterior toentgenogratn showing fracture at base of first metatarsal, 
clinically similar to a "sprain.” (D) and (E) Anteroposterior and lateral roentgenograms 
of an impacted fracture of proximal ulna, said to have been a "sprain." See also Figs. 976- 
978,980, 981,and985. 



ally a fracture which has continued to be 
painful because of arthritic changes pro- 
duced by use in fbe absence of adequate 
blood supply. A topical example of such a 
chronic sprain is the history given with 
Fig. 96S .A and B, where in the first instance 
the patient suffered mild recurrent wrist 
pain for nine years and in the latter instance 


produce marginal fractures and minor bone 
injuries. Examples of the lack of deep sen- 
sation are commonly found in the neuro- 
pathic joint of tabes dorsalis, designated 
as a Charcot joint. MTiile the advanced 
phj’sical and roentgen appearances of these 
joints are familiar, the first and early in- 
juries are less well known and are fre- 




Tic 969 See legend p 1139 
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quently mistaken for marginal fractures or 
sprains (Fig. 970). Every marginal or 
Joint fracture which has occurred after rela- 
tively insignificant trauma may be sus- 
pected of being a Charcot Joint. Such a 
suspicion can be confirmed or eliminated by 
examination and serologic tests. 

From the point of view of individual 
accidents, disability due thereto, and other 
factors uhere insurance coverage is in- 
volved, sprains are important because an 
accurate diagnosis allows accurate prog- 
nosis to be given. It is of double importance 
to return such patients to their gainful occu- 
pation as early as possible, consistent with 
sound treatment. It should be further 
pointed out that the treatment of sprains 
unaccompanied by joint dislocations and 
other injuries can be carried out entirely 
as an ambulatory tjT® of treatment with 
minimal disability when local anesthetics 
are used to control acute pain of the injury. 
The patient can thus use his extremity from 
the beginning. 

There are certain tj'pes of occupations 
w’hich predispose to certain t>'pes of sprains 
and injuries. In an adequate history the 
relation of sprains and other injuries to 
occupation should always he noted. 

Treatment 

After the diagnosis has been definitely 
established and after marginal fracture and 
bone disease are ruled out by roentgen ex- 
amination, only then is the patient to be 
considered as a candidate for treatment by 
the injection of local anesthesia, and by 
earlj' use with or without weight-bearing. 
The older idea that local anesthetics de- 
stroyed pain, which sign was considered as 
Nature’s warning to no longer use the part, 
is a half-truth except in instances where 


groK fracture can be demonstrated by the 
roentgen ray. There ‘s still, however, un- 
deserved widespreaQ prejudice against this 
method. Those who have used it extensively 
consider it the treatment of election (Le- 
riche, Moynahan, and in this country Ware, 
Outland, and others). The technic is carried 
out as follows : 

The point or points of maximum tender- 
ness are found, and will usually be no larger 
than a centimeter in diameter. There may 
be several such points. The skin is prepared 
with half strength tincture of iodine or other 
suitable skin disinfectant after cleansing 
The part is draped and the anesthetic solu- 
tion infiltrated about the local prominent 
bony landmarks and into the tom ligaments 
through a small preliminary skin wheal. 
The injection should be painless after the 
preliminary skin wheal is raised. Usually 
10 to 30 cc. of the solution suffice. The 
solution to be used for this purpose will 
depend somewhat upon the experience and 
individual preference of the operator. 0 S or 
1 percent novocaine is entirely satisfactory, 
but the author has recently used and pre- 
fers 0.5 per cent novocaine to which one- 
tenth of 1 per cent tncupin dihydrochloride 
(iso-amyl-bydrocupreine dihydrochloride) 
has been added. This latter anesthetic sub- 
stance has a prolonged time of action. 

The patient should be carefully instructed 
upon the phenomena to be observed. The 
sprained area becomes painless immedi- 
ately, the patient being astonished that he 
can walk or use the extremity without 
discomfort. He should be instructed that 
dull pain and a throbby sensation will re- 
turn in from one to four hours (novocaine) 
or in from three to eight hours (novocaine- 
eucupin) this discomfort is never so severe 
as the original pain. The patient should be 


Fig. 969. Instances of aseptic necn^is of bone. These conditions frequently enter into 
differential diagnosis of sprains. (A) Coxa plana or Legg-Calve-Perthes disease of hip; (B) 
Osgood-Schlatter’s disease of tibial tubercle; (C) and (D) ancient bilateral aseptic necrosis 
of lunate in a man without a traiunatic bbtory; (E) aseptic necrosis of epiphj’sis of distal 
phalanx in traumatic injury to finger; (F) and (G) aseptic necrosis of tarsal navicular 
(Kohler’s disease) ; (H) aseptic necrosis of second metatarsal bead. 
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instructed to continue to use the joint By 
the next day or by the latest 48 hours 
later most of the discomfort is gone This 
average schedule of relief is modified by 
several factors (1) The extent of the ligi 
mentous injury (2) the presence of hemor 
rhage and (3) the willingness and ability 
of the patient to cooperate There are many 
to whom the treatment cannot be success 
fully applied they are in general the group 
of persons who for psychic reasons are 
poor subjects for surgery under local anes 


as to the mechanism whereby pain and 
tenderness are abolished by the securing of 
skin anesthesia it is empirically a fact The 
most commonly accepted explanation is 
that the skin anesthesia results in the 
breaking of the reflex arc which is other 
wise responsible for vascular and muscle 
spasm As with the injection method the 
ebmmation of pain and tenderness is use 
less if active motion and use are not se 
cured and if the results are not satisfactory 
one should seriously consider the probabil 



Fic 970 Case of early neuropath c Charcot joint (knee) frequenil> 
mistaken for margnal fractures and for sprains when roentgen an 1 
physical and serolog c examinations are not done 


thesia Persons with ligamentous injury re 
ceived in athletics are especially good sub 
jects for it Special points in technic will be 
m ccptmetitow sMth any )wnl 
where deviations from the above general 
description warrant it lllu-^trative cases 
follow 

[The injection of local anesthetic in pure 
sprain cases often can be paralleled by the 
use of skin analgesia secured by the use 
of an ethyl chloride spray The rationale of 
the procedure is the same as that under 
lying the injection therapy the abolition 
of local pain and tenderness in order that 
active exercise and use can be enforced 
Although there is no unanimity of opinion 


ily o! there bcin^ more than a mere sprain 
in the part affected 

The technic of this procedure is difficult 
Ivtne ton5ximin„ and detaded Mete spray 
ing of the skin to secure anesthesia is not 
productive of results 

The patient is told that an attempt is to 
be made to get rid of his pain and soreness 
by spraying a cold solution on his foot (or 
leg or back) and that if the desired result 
can be secured he will be able to use the 
affeclerl part if he does not allow it to 
stiffen up 

The points of tenderness are then care 
fully mapped out and marked The skin is 
covered by some oily 'olution (camphorated 
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oil is very satisfactory) to protect it from 
freezing. This is gently rubbed in. Starting 
with the tenderest spot, each area of ten- 
derness is successively sprayed with ethyl 
chloride, to the accompaniment of gentle 
massage, until it is no longer tender. As the 
sprajnng proceeds from spot to spot, the pa- 
tient is urged to actively exercise the ankle 
within pain limits. Care is taken to lemp>o- 
ratily discontinue the spray just as soon as 
the skin starts to whiten. It is promptly 
resumed when the whiteness disappears. If 
and when all tenderness can be eliminated, 
and the patient can move his foot in all 
planes without pain, he is started walking 
—slowly at first, and then at a fairly rapid 
pace, emphasis being laid on walking with- 
out a limp. He is told that if he finds the 
part stiffening up it indicates the need for 
further exercise The general course is quite 
comparable to that following actual anes- 
thetic injection. In the event of failure to 
respond to this treatment, careful examina- 
tion for the existence of a lesion more 
severe than a sprain should be carried out 
It may be used, therefore, as a diagnostic 
as well as a therapeutic procedure. 

It has been stated that there is a large 
element of applied psychology involved in 
the success of this therapv That may well 
be, but if the results are satisfactory this is 
no criticism of the method.— Ed.] 

Case 1. Wrist Sprain. J. G , female, 
aged 11, fell upon her flexed hand against 
a cement -walled building There was im- 
mediate and forced ventral flexion of the 
wrist followed by sw elling on the dorsum of 
the wrist and inability to move this joint 
and the fingers without pain iMien ex- 
amined one and one-half hours later at the 
Guthrie Clinic and the Robert Packer Hos- 
pital, a dome-shaped tumor was found on 
the dorsum of the wrist, the height of which 
was about a centimeter above the surround- 
ing tissues. The patient was unable to move 
the wrist more than 5 or 10° without pain. 
We did not examine the patient for the 
classic signs of fracture because she would 


have suffered additional pain. Roentgen ex- 
amination of the joint, performed immedi- 
ately, failed to show fracture or dislocation. 

Re-examination showed maximum ten- 
derness to be located in a centimeter- 
circular zone, located about a centimeter 
ulnarward from the radial styloid This 
point was injected with 5 cc. of 0 5 per cent 



Fic. 971 Composite photograph show- 
ing range of motion in sprain of lateral 
ligaments of knee, three days after in- 
jection ol painful areas with novocaine- 
eucupin followed by ambulation. 

novocaine solution containing 0.1 per cent 
of eucupin after 2 cc. of blood were aspi- 
rated from the “tumor” which was a hema- 
toma. The patient was able to use the wrist 
immediately without pain and was sent 
home without support with instructions to 
continue use. She returned the following 
day stating that she had been able to use 
the wrist fully and without pain until the 
following morning, when upon awakening it 
was “stiff” and throbbed upon attempts at 



1142 


TREATMENT OF SPRAINS 


dorsal and palmar flexion The painful area 
was again injected with the same solution 
in the same amount with immediate return 
of a full range of painless motion From 
this date the discomfort suffered by the 
patient was negligible 

Case 2 Sprain of Lateral Ligaments of 
Knee by a Football Player M C male 
aged 18 nas brought to the Guthrie Clinic 
and the Robert Packer Hospital in a wheel 
chair He had injured the right knee in foot 
ball practice two hours previously and was 
unable to bear weight upon the knee with 
out pain There had been no locking Roent 
gen examination of the knee showed no 
fracture dislocation or abnormality of the 
bone Physical examination showed two 
points of maximum tenderness each about 
2 cm below the uppermost palpable point 
of the right tibia one on the mesial side of 
the knee and the other on the lateral side 
There was no abnormal mobility of the 
knee 

A diagnosis of sprain of the lateral and 
mesial ligaments was made and each pain 
ful area was injected with 8 cc of 0 5 per 
cent novocame containing one tenth of 1 per 
cent eucupin The patient was able to walk 
upon the extremity immediately with a 
limp but still complained of slight to mod 
erate deep tenderness He was encour 
aged and cooperated in continuing to walk 
despite the residual soreness Limp and 
deep tenderness continued for four days 
but by the fifth he was totally relieved 
except for morning stiffness during three 
additional days (Fig 971) 

The complications of the novocame re 
action ’ can be avoided b> the usual steps 
of avoiding injection into a blood vessel by 
aspiration through the needle before injec 
tion and by gmng amytal or other tor 
biturate sedative to the more apprehensive 
patients If abnormal joint mobility is dis 
covered after injection sudi a finding 
means extensive and significant ligamentous 
tear which must be treated by either sur 
gical repair, prolonged immobilization, or 


both, as indicated Abnormal joint mobility 
is espeaally important in the knee and the 
ankle the weight bearing joints and will be 
considered in the discussion of these joints 
Roughly one quarter of the sprains deemed 
suitable for treatment by injection are not 
fully relieved by it this calls for careful 
re examination and injection of any other 
painful points that may not have been dis 
covered at the first examination having 
been overshadowed by more intensive pain 
in a neighboring area 

When chip fractures are present although 
the lesion is essentially a sprain many can 
be treated by excision of the bony frag 
ments and direct repair of ligaments Fol 
lowing such a procedure the patient may 
be returned to his full occupation m from 
one third to one half the time required if 
the injury is treated conservatively and is 
immobilized for the time the bony frag 
ments require to heal The following case 
IS illustrative 

Case 3 Excision of Free Mesial Mai 
leolar Fragment and Repair of Liga 
ments J P suffered an injury to the ankle 
which on radiographic examination was 
found to be a chip fracture from the antero 
mesial face of the tibia The size of the free 
fragment and its position were such that it 
was not necessary for osseous support of the 
ankle The fragment was excised under in 
filtration anesthesia (1 per cent novocame) 
and repair of the ligaments done with 
chromic catgut A skin tight plaster was ap 
plied and the patient became ambulatory 
the next day with a walking iron The plas 
ter was allowed to remain in place for two 
weeks The patient used crutches m gradu 
ally resuming weight bearing during the en 
suing one week He returned to his occupa 
tion as a laborer 23 days after the injury 

In the opinion of the author the method 
of converting these marginal joint fractures 
into a ligamentous injury by operative ex 
cision of the free fragment deserves wider 
application by those surgeons whose tram 
ing and experience equip them for the 





Fic 972, Selected approaches to joints that are likely to be of \’alue in 
operative repair of Ugamentous injuries. 


Persons of sedentarj’ occupations, those 
r'ho are poorly muscled, and the aged are 
all prone to develop “arthritis” following 
injuries to the joints. This “arthritis” is 


it is in actual fracture. Prevention of this 
state, as is true in other situations, is far 
easier than treatment of the complication. 
Immobilization and disuse are the factors 


1144 


TREATMENT OF SPRAINS 


resulting m this arthritic reaction Theearly joints can be relieved for a greater or less 
mobilization of joint injuries as by the penod by injecting the carefully delineated 

method just described seldom results in pain points There are a number of recent 

fibrous joint fixation with arthritic symp publications upon this phase of the injection 

toms if the patient cooperates in the treat treatment The reader is referred to the 

ment appended bibliography [See also arthritis 

Conversely those who already have ar Chapter 15 — Ed] 


A 



C D E 

Tic 973 Methods and appantus used in treatment of painful spine 
( \) Head traction upon an inclined firm mattress (B) and (C) plaster 
support for cervical spine (D) and (E) Forrester cervical spine brace 

thntic joints with or without demonstrable Bone atrophy espcciall) the rapid and 
changes in the roentgenogram are excep painful deminenlization that occurs in cer 
tionally prone to sprains in which no tarn persons following moderate or pro 
hjpermobilitj of the joints or ligamentous longed disuse of an cxtremitj is not en 
tear can be demonstrated after minor trau countered in cases treated by this method 
mala Such painful joints are ideal for the nor can positional contractures develop 
application of the injection treatment In such as mi„ht in those persons who would 
deed manj persons with painful arthritic be indolent and uncooperative in the more 
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passive Ij'pes of treatment "which employ 
immobilization. 

\\'henever it becomes necessary to carry 
out surgical repair or investigation of a 
soft-tissue injury about a joint, the opera- 
tion and subsequent recovery is usually 
promoted if one of the approaches illus- 
trated in Fig. 972 is utilized. Many other 
new and valuable approaches have been 
devised in recent years. 

INJURIES TO SPINE AND TRUNK 

The application of a plaster cast, with- 
out treatment by energetic work and 
exercise, damages the vertebrae still more 
than no treatment at all. — L. Boulek. 

Gross vertebral fracture and fracture- 
dislocations will not be described, their 
treatment is considered in Chapter 26. After 
roentgenographic study has ruled out frac- 
ture of the vertebrae, there remain a large 
number of injuries in which the chief com- 
plaint is pain located in the cer\'icai spine 
or along the longitudinal spinal muscle bun- 
dles. This is particularly true in persons 
who have had previous history of chronic 
and recurrent back pain in the areas men- 
tioned, frequently due to arthritic changes 
in the spine or its articular facets. 

In treating pain located in the cervical 
spine, or pain over or in the shoulders re- 
ferred from the cervical plexus after injury, 
head traction of three to seven pounds and 
physical therapy (radiant beat and mas- 
sage) applied to the patient in strict re- 
cumbency for several days on an inclined 
firm mattress is usually successful in re- 
lieving the pain. In more severe and in 
persistently intractable cases, a plaster 
jacket or cervical spine brace may be neces- 
sary (Fig. 973). \Ye have employed the 
paravertebral injection of novocaine {with- 
out cuatpin) in the total amount of 100 cc. 
into multiple points along the cervical spine 
with relief for a variable period, especially 
in cervical-spine arthritis. 

^^'hen located in the thoracic or lumbar 
zone, pain due to such injuries as just de- 


scribed is adequately controlled by the 
injection of 8 to 10 cc. of novocaine-eucupin 
solution into each paravertebral muscle 
bundle close to the spinous processes at the 
painful level. It is frequently necessary’ to 
repeat the injections one or two times at 
two-day intervals before lasting relief is 
secured. Care should be taken that the pa- 
tient presents a fairly definite and recent 
history of trauma since the more chronic 
instances of back pain in the thoracic and 
upper lumbar areas do not yield to the 
injection of the local anesthetics in the 
paravertebral muscle bundles. Indeed, injec- 
tion in such latter cases often aggravates 
rather than relieves the pain. 

The same clinical picture is frequently 
seen in persons of middle or advanced age 
who have suffered severe trauma, but w’ho 
have not sustained fractures. It is thought, 
in these cases, that arthritic processes have 
been subjected to trauma with resultant 
pain. The relief obtained from the injection 
of the local anesthetics is none the less cer- 
tain. An illustrative case follows: 

Case 4. Painful Post-traumatic Lum- 
bar Spine Treated by Injection— Patient 
Known to Have Hypertrophic Arthritis 
of Spine. J. G., aged 57, a railroad brake- 
man, was thrown to the ground from a 
slowly moving train He apparently suf- 
fered no acute injury, but within the hour 
began to notice progressive advance of pain 
in the lumbar spine. Roentgenograms made 
upon his entrance to the Guthrie Clinic 
and the Robert Packer Hospital later the 
same day failed to show fracture of the 
spine or of the hypertrophic processes that 
bridged all of the lumbar vertebrae com- 
pletely or in part. Physical examination 
revealed a level of exquisite tenderness in 
the midline and in the lateral muscle masses 
at the level of the spinous process of the 
second lumbar vertebrae. Injection of 10 cc. 
of 1 per cent novocaine was made into each 
lumbar muscle mass at this level. The pa- 
tient was immediately relieved of pain but 
was kept recumbent in the hospital for ob- 
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servation He remained fairly comfortable 
for almost 24 hours, after which the pain 
gradually returned at the same level and at 
the same site He was then reinjected with 
the same solution and by the same technic 
Relief lasted this time for three days, fol 
lowing which he had slight residual soreness 
for four days This latter was not sufficient 
to interfere with his regular work It is to be 
noted that absolute bed rest was also em 
ployed for the first four days of this pa 
tient’s stay in the hospital No support or 
physical therapy of any type was used 
We have employed the injection technic 
in sternoclavicular sprain, sprain of the 
manubrium and xiphoid with and without 
dislocation, and costochondral sprain Re 
lief 13 immediate no support such as adhe 
si\e strapping is necessary Indeed, the 
latter retards recovery when this method is 
used 

LOW-BACK STRAIN (SPRAIN) 
SCIATICA AND OTHER RE 
TERRED PAIN IN LOWER 
EXTREMITIES 

If we could just know where we are 
and whither we are tending we could 
better judge what to do and how to do 
it — A Lincoln 

The above quotation is applicable in low 
back strain The therapy is usually clear 
as soon as the diagnosis becomes certain 
To completely discuss all the means of diag 
nosis and all of the therapeutic possibilities 
would be far beyond the scope of this 
chapter Full information upon these in 
Junes will be found in Chapter 9, Low back 
Pam This complaint is as frequently en 
countered as any m medicine, and, by and 
large, in the hands of the average pracli 
tioner, is as unsatisfactorily treated as any 
single complaint Most patients with ‘low- 
back strain” have this symptom as an ex- 
pression of a benign disorder of the spinal 
column and its surrounding ligaments and 
muscles, poor poature, arthritis, or ligamen- 
tous sprain Trauma and occupation play 


an important part m its pathogenesis In 
the past, acute back injuries, unaccom 
panied by fracture, have been described as 
ligamentous and muscular injuries This 
author believes the two to be insepanble 

There is no routine treatment that can 
be applied to these patients, but a high 
percentage of them can be relieved by con 
servatne means The patient presenting the 
symptom of low back pam after trauma, 
even though it be acute in origin, should 
receive an exhaustive analysis {See Chap- 
ter 9 —Ed I A careful history and physical 
examination will usually narrow down the 
causes of the patient s pain to two or three 
possibilities \ rectal examination should 
never be omitted 

Assuming that infectious causes and neo 
plastic disease (including spinal cord tu 
mors) have been ruled out by the cxamina 
tions described above, there remain a large 
number of patients who present this com 
plaint and in vvhom the factors of posture, 
mechanical and rheumatic states and acute 
muscle or ligamentous sprain or strain are 
operative singly or more usually in varying 
degrees together The therapeutic manage 
meni will include the following measures 
rest support, sedation, physical therapy, 
and local anesthesia for diagnostic and 
therapeutic purposes ( I ig 974) 

The recent prominence afforded the pro 
lapsed intervertebral disk in the medical 
literature is out of proportion to the fee 
quency with which it is actually found in 
persons with low back pain with sciatic and 
other pam radiating into the thigh It 
should always be kept in mind and con 
firmed by adequate mtraspiml studies m 
persons whose discomfort does not readily 
yield to conservative measures 

[The Editor would like to add his sup 
port to this statement, and to cite the 
support of Magnuson to the viewpoint The 
abandon with which many men label all 
sciatic pain, and even low back pain with 
out sciatica, as ‘ disk lesion is hard to 
understand If the disk lesion is not found 
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at operation it is nevertheless considered as 
present, but failure to find it is explained 
by the statement that the lesion must have 
been a “concealed” one, not demonstrable. 
It is difficult to rationalize such an attitude. 
It would be a great comfort to the surgeon 
if he could take the same viewpoint toward 
chronic appendicitis, so-called. It would not 
be surprising if in future j’cars the present 
attitude toward “disk lesions” should un- 
dergo the same sane revision of viewpoint 
that the old surgical attitude toward chronic 
appendicitis was subjected to.— Ed.) 

So important is the use of immobilization 
and local anesthesia regarded in the treat- 
ment of these conditions in this clinic, that 
our methods and the reports of others upon 
which they are based will be desaibed in 
detail. Steindler and Luck describe tender 
“trigger points" associated with pain low in 
the back (Fig. 97S), located by ph>'sical 
examination and by the deep injection of 
2 to 10 cc. of 1 per cent novocaine (smaller 
amount for fascial areas, larger amount for 
the joints). These findings are as applicable 
in acute back sprain as they are in chronic 
low-back pain. 

By this method, pain is localized to the 
sacrospinalis area, the lumbosacral-joint 
area, to zones over the sacralized transverse 
processes (transversosacral sjtidrome), or 
to the aponeurosis of the iliotibial band 
Regardless of the seat of origin of the pain, 
any of the above conditions may give rise 
to sciatica of “reflex” origin. According to 
the statistics of Steindler, the results of 
treatment in which the reflex character of 
the sciatic pain uas demonstrated were good 
in 84 per cent. The tii^e of immobilization 
employed by him ranged from bed rest with 
traction, jackets, and braces to operations 
upon the aponeurotic and bony components 
of the low-back area. 

Haldeman and Soto-Hall obtained imme- 
diate improvement from the injection of 
noNocame in 38 of 42 patients with pain 
localized to the sacro-iliac area (with and 
without sciatica) ; 25 of these patients also 


reported lasting benefit. Their beneficial ef- 
fects were clouded by the fact that ma- 
nipulation of the sacro-iliac joint was also 
carried out. 



Fic. 974. Williams “cbair-tj’pe” low- 
back brace 



Fig, 975. Location of painful “trigger 
points” in low-back pain (after Steind- 
ler): (I) Sacrospinalis syndrome; (2) 
lumbosacral syndrome; (3) painful 
gluteus maximus, (4) transversosacral 
area, (5) painful tensor fascial femoris; 
(6) lumtor myofascial sjmdrome. 
(Courtesy, Steindler, A.: Jour Bone and 
Joint Surg., 22:28.) 

The author and his associates have 
treated 116 patients (including patients 
presenting either chronic or acute back 
sprain, 63 with 1 per cent novocaine and 
S3 with the novocaine-eucupin solution pre- 
viously described) with these disorders by 
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injecting local anesthetics into the painful 
areas discovered by careful palpation of the 
low bach zone in relation to its joints These 
were all patients in whom organic (hsea«e of 
the bones of the low back area had been 
ruled out by roentgenograms and in some 
instances by the intra'pinal use of air 
and/or lipiodol (myelography) Immediate 
relief was obtained in 93 per cent and 
significantly prolonged continued relief in 
72 per cent One to three additional injec 
tions were necessary m about one third 
of these patients Support in the form of 
prolonged back strapping or a suitable low 
back brace was u'^ed as additional treat 
ment in IS per cent of the total numlier 
Roughly one third of the total number were 
advised to «pend a variable number of days 
at total bed rest These in general were 
patients who were treated in the authors 
hospital practice He considers the method 
to be a definitely helpful auxiliary proce 
dure in the treatment of these patients One 
of Its chief advantages is that the patient 
can often b“ treated without entering the 
hospital It IS no more universally applica 
ble than any one other single method or 
appliance in the treatment of patients who 
have low back pain after trauma The au 
ihoTs most sinking successes have Ijcen 
attained in persons pre«entin„ themselves 
with post traumatic back pain where no 
complicating disease or mental allUude was 
present No patient with continued low 
back pain should long be treated unsuccess 
fullj b> any of the more simple methods 
without exhaustive clinical mvesligalion 
(lor further discussion of low back pain 
see Chapter 9 —Ed 1 

iNJLRirS TO SHOLLDER 
\ surgeon treating shoulder lesions 
should try m each individual ca e to 
picture in his mind the relative proper 
tions of the elements of the joint wheh 
may beinvoKcd — E \ Cooman 

Those who treat lesions in and about the 
shoulder should po sess a thorough know! 


edge of the anatomic relations about this 
joint Knowing these the specific injury to 
the shoulder which may masquera Ip as a 
sprain can be correctly segregated and the 
appropriate treatment applied 
The human shoulder is a universal joint 
surrounded by many ligamentous systems 
and muscle and tendinous attachments The 
ligaments are the coraco acromial the aero 
mio lavicular and the coracoclavicular all 
are involved in the clinical acromioclavic 
ular sprain and separation The anat 
omists coracohumeral and glenohumeral 
ligaments are portions of the joint capsule 
Just without the capsule which binds into 
approximation the humeral head and the 
scapular gleno d face is that conjoined in 
sertion of the short rotators known as the 
musculotendinous cuff made up of the 
combined tendinous insertions of the sub 
scapularis teres minor supraspinatus and 
infraspinatus muscles inserting into the 
tuberosities and the anatomic neck of the 
humerus The tendon of the long head of 
the biceps bears an important <urgical rela 
tion to the upper humerus running through 
the bicipital groove through the latero 
superior wall of the capsule and then over 
the humeral head in an intracapsular course 
to insert on the upper margin of the glenoid 
These muscles and their tendinous attach 
ments are all commonly subject to trau 
malic rupture or sprain 
Shoulder sprains are not common mas 
much as most traumatic injuries in this 
region can lie segregated into definite ten 
don dislocat ons or injuries However if 
after careful examination the pain and 
tenderness remain diffuse an 1 rocnt„eno 
grams fad to show bony injury the injury 
in question is a sprain of the shoulder The 
author does not favor the u e of a Ihcsive 
strappm„ for the e injuries except in Ihe 
aged and the infirm where there is a Ion 
pain thre hoi 1 In all instances of trauma 
alout the 'boulder one has constantly to 
be on guard against the deveUpment of 
periarthritis and fixation or freezing of 
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the joint by adhesions If pain jjoinls can 
be delineated, they should be injected with 
novocaine or similar solution. The injection 
may be repeated in 48 hours if necessary. 
Since, as is usualh’ the case, the pain and 
tenderness are usually diffusely distributed, 
the more appropriate treatment would con- 
sist of the application of radiant heat and 
massage, encouraging the patient toactKely 
use the joint short of acute discomfort 

.■\CR0MI0CLA\7CULAR SpR-AIN AAITH AND 

wiTiiocT Separation 
This lesion, which folloAAS direct violence 
to the shoulders and which is commonly 
seen in football plavers in automobile in- 


This is the “weak shoulder” of football 
players, prone to recurrent sprain after 
slight trauma In chronic and recurrent 
cases, an audible click often develops, pro- 
duced by elevation of the shoulder. In some 
persons this is associated with pain and 
open operation is indicated, in which a strip 
of fascia lata is imbricated about the zone 
of approximation of the two bones. [Exci- 
sion of the acromial end of the clavicle is 
an easier and a more certain procedure. See 
Chapter 29 — Ed ] In the few cases where 
we have had the opportunity to apply the 
injection treatment into the ligaments about 
the joint, it has been found to relieie the 
pain iust as m an\ other sprain 



Fig 976. .\crom’oclavicu'ar ipram (Lc/f and Center) During acute stage Compare 
separation of these two bones on injured side with the normal Three weeks 

later. Note that bony status is almost identical with (hat of left-hand illustration during 
acute stage. At this time patient was sj'mptom-free 


juries, and in other instances where direct 
nolence is the mechanism of the injuiy", can 
be diagnosed only b>’ phA'sical examination 
Avhen there is no gross separation of the 
bones involved. If gross separation of the 
imoUed bones is present, comparative 
views of both shoulders will show the dif- 
ference between the two. 

Treatment consists of adhesive strap- 
ping, preferably o\er a small felt pad, criss- 
crossing over the shoulder in such a manner 
as to prevent e.xcess motion of the clavicle 
upon the shoulder girdle. -After a week or 
ten days of such strapping, the shoulder is 
then relativelv- painless and the strapping 
can be removed. These patients tend to re- 
main without subjective symptoms of pain 
although the space demonstrated between 
the bones remains permanently fFig. 976). 


Sternoclavicular separation may aLo 
occur following direct trauma to the shoul- 
der. This is a partial dislocation at the joint 
accompanied by a variable amount of liga- 
mentous tear. These are ideal instances for 
the application of the injection treatment 
which is administered into the ligaments 
surrounding the joint. Following this, a long 
adhesive tape strapping, originating from 
over the top of the same shoulder and run- 
ning diagonally over the opposite chest, is 
applied. Even though some prominence of 
the joint and slight instability remain in 
chronic cases, it is veiy seldom painful and, 
as a result, will require no treatment. [See 
also Chapter 29. — Ed.] 

Periarthritis of Shoulder 
Following definile trauma to the shoul- 
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der or following minimal trauma in the 
middle aged or merely from immobilization 
for sprain or fracture m any location in the 
upper extremity it is very common to ob 
serve a painful shoulder in which motion 
IS three quarters or more restricted The 
roentgenogram is usually negative The 
joint appears frozen Since osseous grat 
ing IS often noticed by the patient befor“ 
stiffening and observed by the surgeon after 
successful mobilization of such shoulders 
It must be inferred that degenerative ar 
thntis (osteo arthritis) is present in some 
of these shoulders Osteophytes do not de 
velop in the shoulder since there are no 
osteo cartilaginous junctions within the 
joint capsule Adhesions within the sub 
deltoid bursa have been demonstrated at 
operation 

The treatment preferred by the author is 
careful manipulation under general anes 
thesn through all possible ranges of motion 
followed by massive hot moist packs and 
analgesic drugs to relieve pain with daily 
supervised periods of actne and passive mo 
tion of the joint During the active period 
of treatment the patient remains in bed 
with the arm anchored in abduction and 
external rotation by a tie to the head of 
the bed It is left free for a total of only 
four hours a day exclusive of the super 
vised periods 

In the author s opinion the above method 
IS less painful than the method of gradual 
extension by traction and less time con 
suming tedious and expensive to the pa 
tient than mobilizing such a joint by gentle 
passive and active motion without anes 
thesia over a long period of time WTiile a 
fair range of motion (75 per cent of nor 
mal) IS obtained by the method described 
above in four to seven da>s after manipu 
lation the patient must then carrj on a 
faithful regimen of exerci«es for IS minutes 
three or four times a day at home to pre 
serve motion and to gam a full range of 
painless motion These exercises consist in 
wall climbing exercises m which the pa 


tient faces the wall places the palm of the 
hand against it with the elbow flexed gradu 
ally elevating the shoulder by upward mo 
tion Passive external rotation is achieved 
by pushing the shoulder farther against the 
wall Active rotation exercises with the pa 
tient standing flexed at the hips i e look 
ing at the floor are of value as are also 
exercises taken rotating a large well 
balanced wheel through its circumference 
[See Chapters IS and 29 — Ed ] 

The author has treated cases of pen 
arthritis of the shoulder by manipulation 
under sodium pentothal anesthesia A satis 
factory end result range of motion (less 
than 10* restriction from norma] motion 
m any plane being free and painless) was 
obtained m 82 per cent Some of the best 
end results at the three month period have 
been obtained in cases that had only a fair 
result after three or four weeks 

INJURIES TO ELBOW 

The toll of deformities and disabilities 
they ( njunes to the elbow] have levied 
m the past have won a reputation for 
lorm dabfene s that is scarcely equaled 
D \\ILS0N 

If roentgenograms are taken following 
injury to the elbow it will be found in 
many cases that marginal or impacted 
fractures are present in this region In these 
cases physical examination does not aid too 
much in the diagnosis as the patient often 
able to move the joint through almost a 
normal range of guarded motion Physical 
examination though should be carried out 
carefully and as accurate location of the 
tenderness about the normal bony promi 
nences of the elbow as possible noted 
External wounds and abrasions should be 
diagrammed \n important point in the ex 
amination of the elbow is that the two 
humeral epicondjles and the tip of the 
olecranon process of the ulna should be in 
the same horizontal plane when the elbow 
IS extended [See Chapter 31 for further 
anatomical details —Ed ] 
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IISI 


Epicondylae ^Iarginal Fractures 
Considered as Spr-ains 
The ossific centers of the humeral epi- 
condyles appear between the sixth and 
thirteenth years (later in the lateral epi- 



Fig. 977. Illustrative cases of frac- 
ture-separation or sprain of mesial 
humeral epicondyle: (Lc/O Case In 
child of ten years. (Rf^AO Case In 
boy of 17 years. 

condyle), and unite to the shaft between 
the fifteenth and seventeenth years. Be- 
tween the time of the appearance of the 
center and its union to the shaft, Injuries 
may separate this center of ossification 
through the cartilage line that joins it to 
the humerus Following this time, chip frac- 
tures often split through the old site of the 
last rema'ning cartilage line In adolescents 
and young adults, separations or fractures 
of the epicondyles frequently do not unite 
by bony union to the shaft e\'en though 
immobilization be maintained for a pro- 
longed period (Fig. 977). 

The diagnosis is established by localized 
tenderness and swelling followed bj* the 
characteristic roentgenographic appearance. 
If displacement is only slight, these frac- 
tures can be treated by immediate mobiliza- 
tion following injection of local anesthetic, 
cautioning the patient to be certain that no 
abnormal violence occurs to the elbow 
within the ensuing six to ten weeks. Heavj' 
labor is forbidden. These injuries become 
painless after one or two injections of local 
anesthetic and use of the arm, similar to 


the behaAnor of sprains. Due to the differ- 
ence in blood supply, the mesial humeral 
epicondyle is particularly likely (o be united 
to the shaft by only fibrous union. It has 
yet to be determined whether any prolonged 
period of immobilization will yield higher 
percentages of bony unions in this fracture 
and its concomitant ninsculoligamentoiis 
tear, or whether union is solely a question 
of adequacy of blood supply. [The Editor 
would like to subscribe to this viewpoint. 
It is his feeling that fracture or separation 
of the internal epicondj'le is one of the most 
overtreated lesions commonly seen. — Ed.] 

Partial Rupture and Tear of Orbic- 
ular Ligament Unassoctated with 
Dislocation op Radial Head 
Another point in the examination of the 
elbow which should be specifically searched 
for, especially when little or no injury is 
erident in the roentgenograms and on phys- 






Fig. 978. Case of impacted 
fracture of radial head and frac- 
ture of coronoid process of ulna. 

This patient had 75 per cent of 
a normal range of painless mo- 
tion in the acute stage. Arrow 
points to coronoid process. (See 
also Fig. 966.) 

ical examination, is the position of the head 
of the radius, both in supinalion-pronation 
and in acute fle.xion and extension. The 
orbicular ligament will occasionally’ be tom, 
which diagnosis can be inferred from local 
tenderness and inflammatory signs, with or 
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without sublu-^ation of the radial head su 
periorly or posterolateralh Pain can be 
relieved bj injection or bj immobilization 
m «plint or circular plaster movement 
being started as 'oon as comfort will allow 
aided if necessarj bj further injection^ 

Chip Fr-vctlre of Olecranon and 
C oRONoiD Process op Lena 
The e fractures al«o frequently mas 
querade as sprains There is even, grada 
tion from a pureh ligamentous injurj with 
or without shearing off of a bom plate to 
avulsion of a larger bonj fragment («ee 
Fig 978) L«uallj fragments from the coro 
noid process and olecranon are not mark 
edh displaced as thej are held m p>o«inon 
bj periosteum and tendon attachments (he 
best treatment is immobilization m a pos 
tenor eplmt in the first instance in flexion 
bejond 90® and in the «econd instance in 
extension bejond 90' in the position that 
IS most comfortable to the patient Immo 
bilizalion '■hould be maintained for two 
weeks following which time the joint should 
be rapidlj mobilized If pam then ensue* 
mobilization should be continued aided bv 
injections of local anesthetic Roentgeno 
grams should follow this latter step «ince 
on rare occasions healing of the bonv frag 
ment is not complete and exercise cau«es it 
to separate This however is exceptional 
and should be treated bv two to three 
weeks’ additional immobilization if it 
occurs 

INJURIES \ND DISORDERS OF 
WRIST, HAND AND FINGERS 
The human hand is one of the higher 
evolutionary developments of our biped 
eviitence, which is largelj responsible for 
the great handicrait of man It includes 
exact machinerv of much refinement and 
tissue of great dehcacj and 'peciabza 
tion —Sterling Blnnzll 

\\ RIST Spr-vin 

The same tj-pes of trauma that produce 
fracture at the wnst often fad to injure 


bone and ligamentous tear re«ults The 
external appearance of the more *e\ ere 
wrist eprain differs little from fractures in 
this zone e peciallv fractures of the carpus 
nondisplaced fractures of the radius and 
tho*e involving the stvloid proces es of the 
radius and ulna Exact diagnosis is e«tab 
lished bv the roentgenogram M rist <prain 
IS rare in compari on to the numbers of 
ca*es of actual bone injurj in this region 
Mo t wrist <prains are «een in children and 
adole cents the age when wrist fractures 
are rare 

If the *prain is of sufticient degree to be 
moderatelj or acutelv painful or if marked 
swelling ts pre ent thi« injurv should re 
ceive as much attention as a fracture in the 
area There are two means of treatment 
either of which effectivelv relieves the pa 
Item Since the<e two means of treatment 
are oppo ite in principle election should be 
made at the time ihe patient is fir«t seen 
One method emplojs immobilization This 
ehouM be effected bv a «kin light unpadded 
plaster enca ement covering the forearm 
and the hand so trimmed that free active 
motion is possible in the thumb and at the 
metacarpophalangeal joints The wri«t is 
placed either in shuht palmar flexion or m 
slight dorsal flexion whichever is most com 
fortable to the patient As soon as the plas 
ter Is set trimmed and dried somewhat 
the patient begins active use of the thumb 
and fingers within pam limit* The piaster 
is allowed to remain in place for two weeks 
and IS followed bj progressive active u e 

The other method utilizes active motion 
from the onset following a piration of the 
hematoma if present and injection of the 
local anesthetic into the ligaments In this 
method injection often has to be done 
again and a certain degree of morning dis 
comfort and stiflness is observed for four or 
five dav- For an illustrative case history 
see Case 1 p 1141 

If pain and discomfort persist bevond two 
weeks the patient should be re-examined 
bv the roentgen ra> It is then usuallj found 
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that a fracture of the scaphoid or a small 
marginal fracture of the radius is present, 
this being invisible at the time of the initial 
examination due to absence of displace- 
ment. Baking and diathermy are contra- 
indicated in wrist sprains because of the 
frequency with which pain is made more 
severe by their use. 

The lower radio-ulnar ligament or tri- 
angular ligament (discus articularis) is oc- 
casionally tom. This structure is unique in 
stabilizing this joint in an\ position The 
signs of the injurj’ are ioint hjpermobility 
in anterior and posterior directions on pas- 
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joint are not uncommon without any accom- 
panying fracture. The.v are to be suspected 
when the maximum tenderness is over the 
inferior radio-ulnar joint rather than over 
the carpus, and where the most painful mo- 
tion is that of rotation. They respond well 
to the use of local anesthesia and active 
motion. After all acute signs have disap- 
peared a snug wristlet or laced wristband 
will aid the return of function in those who 
do heavy work. — Ed ] 

Contusion to the bones of the wrist should 
be differentiated from wrist sprain (a purely 
ligamentous injury) by the location of pain 



Fig 979. {Left) Case of traumatic epiphy- 
seal slip of distal radius. (Right) Case oi 
similar displacement of dbtal ulnar epipbysi- 
of traumatic origin. 




sive pronation and supination, and abnor- 
mal palmar displacement of the ulnar head 
after the injection of a local anesthetic. It is 
seen with regularity onli’ with chip frac- 
tures at the base of the ulnar styloid, or 
those involving the ulnar border of the 
distal radius, or in severely comminuted 
fractures of the distal radius with shearing 
of the ulnar sUloid at its base. The diag- 
nosis of this injury’, in the absence of 
fracture or with the marginal fractures 
mentioned, is of importance since, when 
overlooked and the wrist is not immobilized 
for a sufncientK’ prolonged period (five or 
six weeks), widening and permanent trans- 
verse laxity of the wrist occurs, which may 
be permanently painful. 

[Pure sprains of the inferior radio-ulnar 


and perhaps by identification of the initial 
point of impact of the injury. In wrist in- 
juries, the following conditions have to be 
considered (in addition to those already 
named) : 

Posterior dislocation of wrist without 
fracture. 

Fracture of distal radius with or without 
separation of ulnar stjloid with dorsal 
displacement (Colies s fracture). 

Same fracture with palmar displacement 
(reverse Colles’s fracture, more rare). 

Traumatic separation of distal ulnar or 
radial epiphysis. 

Both bone fractures in lower third. 

Fractures of radial or palmar styloid. 

Fracture or fracture-dislocation of scaph- 
oid and other bones of carpus. 
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Dislocation of lunate 
Traumatic tenosynoMtis of tendons about 
radial stjloid 

Post traumatic osteoporosis of carpus 
Fractures and fracture dislocations at 
base of first metacarpal, including Ben 
nett s fracture 

The treatment of the fractures just listed 
'(vill be discussed in other sections of this 
volume Epiphyseal separation is encoun 
tered nith frequency In an> dime Tihere 


undemonstrable by x ra> Nevertheless a 
certain percentage of these cases are fol 
loned by growth disturbance See Chapter 
22 for a general discussion of epiph>seal 
traumata —Ed ] 

Imjumes and Dislocations of Small 
Bones of Wrist 

This subject will not be discussed in 
extenso in this place because it w ill be ade 
quately covered in other chapters of this 
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Fic 980 (A) Case showing small chip frac 
ture at base of first metacarpal 

(B) (C D and E) Anteroposterior and 
lateral \iews of wrists of a man who had sus* 
tamed bilateral fractures of distal cancellous 
radius but m whom bilateral carpal injuries 
had been completely oierlooked by first sur 
geon These carpal injuries consist of (C) and 
(E) a fracture across waist of na\icuhr and 
(B) and (D) an almost complete dislocation 
of semilunar Note diagnostic lateral view of 
latter injury (Courtesy, Division of Roent 
genology of the University of Chicago 
Climes ) 


3 fair proportion of the patients are ju\e 
niles and adolescents about one sixth of 
all the wrist injuries will be found to be 
epiphjseal separations about half of those 
seen in the joung are this injuiy If this is 
kept m mind and it is recognized that it 
ma\ occur with a variable amount of meta 
phjAeal bone being earned with the dis 
placed distal fragment, it will be recognized 
in roentgenograms (Iig 979) 

[The diagnosis of «prain in a child should 
be made with caution Manj so called 
sprains in children are epiphv«eal traumata 
vMthout actual displacement, completely 


work dealing with the^e fractures Their 
relation to wrist sprains is an intimate 
one, chiefly because the fractures and riis 
locations were often overlooked in years 
past due to the lack of adequate roentgen 
plates At present the chief danger is that 
lhe\ are overlooked by the unwary when 
another major wrist injury is present (Figs 
980 981) Lateral views arc diagnostic of 
dislocation of the lunate \s mentioned pre 
viously, one of the chief cau'cs of persistent 
pain in the xviisl is an unrecognized frac- 
ture of the carpal scaphoid The other bones 
of the wrist are fractured so infrequently 
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that they need not be discussed in this 
place. Several anteroposterior views of the 
wrist should be made in var 3 'ing degrees of 
ulnar and radial deviation in cases of sus- 
pected fracture of the scaphoid, as the 
maneuver will often demonstrate a fracture 
line hidden in the neutral positions of the 
wrist. [See injuries to the carpus, Chapter 
33.-Ed.] 

Injuries to Fingers 
Most finger injuries are due to the impact 
of direct trauma to the finger ends, since a 


turbed and aseptic necrosis results (see 
Fig. 969 E). This is never a serious com- 
plication as the forces brought to bear upon 
such an epiphysis are never sufficient to 
crush it and replacement by living bone 
proceeds without complication. 

Trauma without production of any of 
these deformities, and with pain only 
(sprain), is never sufficiently disabling in 
this author's opinion to warrant the injec- 
tion of local anesthesia in the finger alone 
The patient is instructed to continue its use, 
with the aid of hot soaks, and perhaps a 



Fic. 981- Cases of wrist disability without 
ob\'iou3 traumatic origin, but which presented 
a histor}’ of trauma. (Left) Case of Kienbock’s 
malacia of lunate (Right) Case demonstrating 
calcification in tendon sheaths of extensor 
tendons of hand indicated by arrow. 



crushing injurj' and direct severe \iolence 
from the sides results in fracture of one or 
more of the phalanges As in other injuries, 
a roentgenogram should always be taken 
because fractures will be discovered with 
frequencj’. Although not ordinarily dis- 
abling, the finger injuries to be described 
are followed by stiffness and increasing dis- 
ability if neglected. 

Dislocations at the interphalangeal joints 
are not uncommon due to the relative ease 
of tear of the interphalangeal joint capsule. 
They should be mobilized soon (seven 
days) after replacement and early immo- 
bilization so as to avoid permanent stiffness 
of the joint. If sufficient capsular tear oc- 
curs, the nutrition of the epiphysis is dis- 


nigbt splint. Pain is usually gone in two or 
three days. 

INJURIES AND DISORDERS 
OF HIP 

Life begins within the pelvis but often 
passes out through the hip joint. — Oliver 
Wendell Holmes. 

A hip sprain is seen infrequently. The 
patient who usually presents himself with 
the aimplaint of a chronic painful hip will, 
on examination, usually be found to have a 
painful low back. The diagnosis and treat- 
ment of these conditions has been pre\n- 
ously discussed. 

If, after pfaj-sical examination, the dis- 
order appears to be localized to the hip, 
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stereoroentgenograms should be made of 
the pelvis The earliest abnormal physical 
finding of disease of the hip is loss of passive 
circumduction The slightest irregularities 
in the joint or muscle spasm about this 
joint \m 11 produce this sign It is best 
elicited with the patient lying flat on his 
back In more severe instances passive 
flexion adduction and abduction are lost 
m proportion to the severity of muscle 
spasm or duration of «eriousne«s of bone 
abnormalities about the hip Most instances 
of hip pain usually reveal enough altera 
tions in the roentgenogram to diagno'^ dis 
ease at this mint The following should 


a protuberance such as the greater tuber 
osity of the femur The treatment of thi= 
condition is described elsewhere 

INJLRIES ABOLT KNEE 
INCLLDING EXTENSOR 
\PP\RATLS 

\\ hen a patient complains that his knee 
slips catches locks or gives way it is no 
longer wise to make a diagnos s of a loose 
meniscus and take it out through a peep 
hole incision — •\\ illiam Baseacii 

Injury to Ligaments of Knee 
These injuries (Tigs 983 and 984) are 
usually sustained during violent exercise 



Fic 982 Two instances of patients who^e disab Iity about hip is unident fiable unless 
roentgenograms are taken (left) Case of slipped upper femoral epiphyss (Right) 
Case of bilateral aseptic necrosis of femoral head of unknown causation in an adolescent 


always be con«.idered solitary or multiple 
chronic arthritis involving (his joint senile 
hypertrophic arthritis (coxa malum senilis) 
chronic pvogenic arthritis chronic tuber 
culous arthritis juvenile aseptic necrosis 
slipped upper femoral cpiphvsis (preslip 
ping and after the change has occurred) 
The exact roentgen diagnosis of these con 
ditions i3 de'cribed elsewhere Roentgeno 
grams of two instances of the«e disorders 
are reproduced in Fig 982 

\ disorder known as snapping hip is 
occasionally 'een which may give ri«e to 
the sv mptoms of chronic «.prain about the 
hip It 15 usually due to the iliotibial band 
or tensor fascia femoris mu«cle sliding over 


particularly during football and basketball 
games Other injuries iboul the knee usu 
ally result in fracture or in dislocation of 
one of the semilunar cartilages \ lolent 
trauma with twisting or hyperextension 
usually results in rupture of one or more of 
the lateral ligaments or injury to the cru 
ciate ligaments It is noteworthy that the«e 
latter ligaments are not necessary for sta 
bility except when the knee is in flexion 
Their function appears to be that of limit 
ing the extremes of extension and flexion 
and stabilizing the knee in flexion In cer 
tarn instances loss of the cruciate ligaments 
results in di tortion of anteroposterior glid 
ing of the femoral condyles which takes 
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place on the tibial condyle in flexion. Many 
times it is necessary to inject local anes- 
thesia info the painful spots about the knee 
or e.xamine the patient under general anes- 
thesia in order to establish a certain diag- 
nosis of rupture of one of the ligaments 
mentioned. 

The sign of lateral-ligament rupture is 
instability of the knee in extension while 
the sign of cruciate rupture is excessive an- 
terioposterior mobility in flexion. In certain 
instances the tibial spines are carried along 
with the avulsed ligaments. Such an injurj 
can be recognized in the roentgenograms. 
The treatment of rupture of the ligaments 
mentioned is application of a long leg cast 
including the foot for a minimum period of 
eight r\eeks. Sprains about the joint are 
difficult to differentiate from lateral-liga- 
ment tear. The diagnosis should never be 
made until after anesthetization. For this 
latter reason an e.xcel!ent preliminary in the 
diagnosis can also be used therapeutically 
in the treatment if injury proves to be only 
one of sprain. The case history of a knee 
sprain including lateral-ligament sprain Is 
reproduced on p. 1142. If, after removal of 
cast and treatment of ligamentous injuries, 
Instability is still present, surgical repair 
of the lateral or cruciate ligaments should 
be undertaken. This can be performed in 
various ways by the use of free or pedicled 
transplants of fascia lata. [See Internal 
Derangement of Knee Joint, in Chapter 38 
for a discussion of this and other articular 

derangements.— Ed.] 


Traumatic He.maethrosis and 
Recurrent Htdiurthrosis 
Fluid may appear in the knee joint fol- 
lowing any type of injury with or without 
ligamentous tear. It is common to see an 
accumulation of fluid in this joint following 



Fic 983. Case demonstrating slipped 
proximal femoral epiphysis of traumatic 
origiQ. 


any sprain or a trivial injury This fluid 
may be bloody, blood-tinged, or yellowish 
and clear If distension is enough to cause 
the patient to complain of it, the fluid con- 
tent should be aspirated through a large- 
bored needle. This can be conveniently done 
under local anesthesia, but strictly aseptic 
precautions must be observed The knee 
should be prepared several hours previous 
to the aspiration, by as rigorous a technic as 
for a patient who will undergo a major 
operation. Following aspiration, the patient 



Fig. 9S4. Anteroposterior roentgenograms of four cases of depresHcd fracture of tibia] 
condyles. 
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should be ambulatory only with crutches, 
and should bear no weight for from one to 
two days on the leg The knee should be 
supported by a tight elastic stocking or one 
or more three inch elastic bandages [See 
Chapters IS 37 and 38 for knee joint aspi 
ration —Ed ] 

Injuries to Semilunar Cartilages 
This is one of the commonest knee joint 
injuries except that of simple sprain and 
It may closely simulate pure sprain In the 
classic case there is a history of acute lock 
mg of the joint following the injury The 
flexed position in which it is locked will be 
maintained for a variable period of time 
It is now recognized that the classic signs 
of locking are not necessarily present m all 
semilunar cartilage injuries particularly in 
the type of longitudinal tear of the liga 
ment with central displacement of the 
peripheral fragment — so called bucket 
handle tear of the meniscus 

INJURIES TO ANKLE 
It is worse to sprain an ankle than to 
break it — R atson Jones 

Ankle injury u the most frequently en 
countered sprain If not properly treated it 
may lead to the greatest disability Three 
degrees of sprain of the ankle should be dis 
tinguished (1) Stretch or slight tear of the 
fibers of either mesial or lateral ligament of 
the ankle, usually the latter, (2) severe 
tear of the lateral ligaments with posterior 
and mesial inversion of the astragalus on 
the tibia, (3) either of the first two injuries 
accompanied by tibiofibular separation 
These degrees of sprain can be distinguished 
at times in routine roentgenograms but if 
spontaneous reposition of the astragalus 
occurs as is frequentl> the case, swelling 
and muscle spasm will prevent easy redis 
location when an attempt is made to dem 
onstrate the ankle dick Likewise, these 
are instances of tibiofibular ligament lacera 
lion with minimal 'reparation that do not 
show m the roentgenogram 


The only certain means of making an 
emct diagnosis of the type of ankle sprain 
IS by the mjection of local anesthetics into 
the painful area and into the anterior joint 
capsule area (for the tibiofibular liga 
ments) as part of the diagnostic procedure 
After anesthetization of these areas the 
foot IS tilted strongly into inversion If 
lateral motion of the astragalus is demon 
strated on the tibia and an ankle click 
15 elicited, then it is certain that the tibio 
astragalar ligaments have been tom 
The roentgenogram can be used to con 
firm these findings To demonstrate lateral 
tibio astragalar ligament tear the view 
must be taken m inversion and for medial 
tibio astragalar ligament tear m eversion 
In tear of the tibiofibular ligament the 
ankle mortise is widened, the astragalus is 
unduly loose in it and actual separation of 
the tibia and fibula can often be demon 
strated on pushing the astragalus outward 
against the fibula 

(The use of these diagnostic procedures 
under local anesthesia m all except the mild 
ankle joint sprains is certainly very worth 
while Too many severe sprains are under 
treated with resultant chronic instability 
Too many mild sprains are overtreated 
with unduly prolonged convalescence and 
disability tune Demonstrable instability 
should be the criterion which labels a sprain 
as severe— not the degree of ecchymosis or 
swelling which is present 
Ankle sprains involving the collateral 
figments should not give severe tenderness 
over the inferior tibiofibular joint This 
should be looked for in all ankle joint 
sprains, and if found is strongly suggestive 
of tear of the inferior tibiofibular ligaments 
These instabilities are far more frequent 
than is generally recognized and the proce 
dures here advised are frequently the only 
means by which they can be diagnosed — 
Ed] 

If ligaments are tom sufficiently to allow 
luxation of the astragalus out of the mor 
ti«e, the presence of a «erious injury is 
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demonstrated. This injurj', with or without 
inferior tibiofibular-ligamentous tear, must 
be immobilized for at least six weeta in a 
skin-tight plaster boot. In severe grades of 
tear, the immobilization should be for eight 
weeks. Following such prolonged treatment, 
recurrent sprains should no longer occur. 
These recurrent sprains are due to redis- 
placement of the astragalus due to inade- 
quately healed ligament tears or to insta- 
bility of the tibiofibular mortise, due to tear 
of the corresponding ligament. 

Simple sprains should be treated by the 
injection of 10 to IS cc. of 1 per cent novo- 
caine or of novocame solution containing 
0,1 per cent eucupin, into the painful area 
with immediate weight-bearing. The swell- 
ing in the middle-aged and the aged can be 
controlled by an elastic bandage. If the 
person is not suited for the injection treat- 
ment, being by temperament timid and ap- 
prehensive, he should be treated by the 
elastic strapping method, by wrapping the 
joint with many thicknesses of elastic band- 
age, and prohibition of weight-bearing for 
from five to ten days, during which lime he 
can be ambulatory only with crutches. 

[Simple sprains of the collateral liga- 
ments can be strapped adequately by mole- 
skin adhesive as follows : 

1. A loop of gauze bandage is placed 
about the great toe, and the patient bolds 
the two ends to keep the foot at right angles 
with the leg and in weight-hearing position 
of inversion, with the knee flexed. 

2 . A two-inch strip of moleskin adhesive 
is placed on the outer side of the leg at the 
junction of the upper and middle thirds, the 
skin having first been shaved and coated 
with tincture of benzoin. 

3. Downward traction is made on this 
strip until all the ‘‘give” of the skin on the 
deeper tissues is taken up. 

4. With traction steadily maintained on 
the adhesive strip it is carried underneath 
the plantar surface of the arch and to the 
inner side of the foot, 

5. The skin on the inner aspect of the 
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leg is pulled down, and the adhesive strip, 
still under traction, is attached to the taut 
skin at the j’unction of the upper and middle 
thirds of the inner surface of the leg. 

6. A single strip of adhesive is used to 
anchor the upper ends of the strap, not com- 
pletely encircling the leg. 

7. 3-inch elastic bandage is applied from 
the toes to the upper limits of the adhesive. 

The patient is not allowed to bear weight 
for 24 hours, but after that time can use a 
cane, or can go without such support if 
there is not too much discomfort on w eight- 
bearing. If the upper ends of the adhesive 
show signs of slipping, another similar strap 
can be applied over the old one to take up 
any slack. From S to 10 days of such strap- 
ping is usually adequate. An elastic bandage 
is worn as long as any swelling remains.— 
Ed.] 

For the average and routine case, the in- 
jection treatment is preferred by the author. 
Elderly or debilitated patients should never 
be allowed to remain in bed after such a 
trivial injury because of the danger of 
thrombophlebitis, postfixation lymphedema, 
and many more severe complications. 

In recurrent ankle sprains which present 
themselves for the first time to the ex- 
aminer, the radiographic diagnosis can be 
made usually by inverting or everting the 
foot since the tear is no longer painful. The 
same roentgen signs are found as above. In 
recurrent ankle sprain due to unhealed 
tibiofibular-ligament tear, the widened tibio- 
fibular joint can be invariably demon- 
strated. If the patient desires complete 
relief from the danger of recurrent sprain 
and to be relieved of the necessity of wear- 
ing ankle support constantly, he will have 
to submit to operative repair of the tom 
astragalar ligaments. In the case of chronic 
tibiofibular separation, an arthrodesis of the 
joint can be easily performed by a tibial- 
graft peg driven through a previously pre- 
pared drill hole which crosses the joint, 
immobilization should follow in a skin-tight 
plaster for ten weeks. 
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[There is definite objection to fusion of 
the inferior tibiofibular joint It has been 
shoun that full dorsiflexion is accon’phshed 
by up\\ard nio\ement of the fibida at this 
joint as the anterior nide part- of the 



Tig 9S5 Ca es of ch p fractu*® about 
ankle treated by excision of free frag 
ments and operative repair of 
(Lcjt) Anteroposterior view ot 
seen after being treated eKewh^re as a 
sprain without benefit of roentgen 
diagnosis It was treated by ope^ opera 
tion by excision of the free mesial 
malleohr fragment performing os 

teotomy through callus of fibul^f fr*® 
turo and inserting a bone peg reminea 
from lower tibial shaft through^ "rill 
hole placed from fibular side through 
inferior tibiofibular joint in order to 
treat tibiofibular separation foil‘d" ®d by 
immobilization in a skin tight for 

SIX weeks Excision of mesial rtralleolar 
fragment did not interfere with subse 
quent ankle stability and siniplih®d liga 
ment repair on this side of ankle 

Case in which the ooly pro 
cedure applied was excision of the free 
fragment and local ligamentous repair 

astragalus comes up between th® tibia and 
fibuU In ci'es where this joint has been 
made rigid as bj bolting limitat'^rr the 
full dorsiflexion (which is neces-^rj in ne 
gotialmg stairs and inclines) has been 
bothersome and in man) case$ the bolts 
hate had to be remoted ultimatelj It 
would «eem preferable in the'® ca^es lo 
clear out the inferior tibiofibular joint, ap 


proximate the joint surfaces by bolting and 
to remove the bolt after a period of three or 
four months when the new formed liga 
ments have become strong (see Chapter 
22) Some men prefer arthrodesis of the 
ankle joint under these circumstances (see 
Chapter IS) — Ld ] 

Reconstruction of the lateral or mesial 
lioament can be performed with a twisted 
strip of fascia lata passed at least twice 
through drill holes in the malleolus and 
through a superior mfenorlj placed drill 
hole in the astragalus On the lateral side 
of the foot the tendon of the peroneus brevis 
can be substituted for a free strip of fascia 
lata The surgeon should not hesitate to 
apply these procedures when the indications 
exist 

Chip rRvctURc or Malleoli and or 
Lateral Surface of Astragalus 

These fractures are merely sprains where 
in addition a bony chip has been avulsed 
at the time of ligamentous shear As such 
they are more closely related to the com 
plicated sprains with ligamentous tear than 
to ankle fractures All gradations of injury 
occur When a small bony chip less than 
2 mm m diameter has been avulsed it can 
be Ignored as it will be absorbed Chips 
larger than 3 or 4 mm up to half the size 
of the malleolus should be excised under 
local anesthesia with direct repair of the 
ligaments with fine chromic catgut By this 
means ligamentous to bone healing is sub 
stituted for longer bone to bone healinj, 
Since the ligaments have been accurately 
re approximated by suture the time of im 
mobilization with skin li„ht plaster can be 
cut to two weeis unless accompanied by 
inferior tibiofibular ligament le ir (See I ig 
983 for illustrative ca«cs treated in this 
way ) The total time of disability of such 
ca<es ib halverl by excision of the free frag 
raent The incidence of chip fractures from 
the Sides of the astragalus is greater than 
IS u ually thought I xact interpretation of 
roentgenograms must be obtained 



1161 


INJURIES 

Contraindications to excision of such 
fragments are: (1) Free fragment larger 
than half the malleolus: its removal would 
interfere with ankle stability, and it should 
be treated as a fracture. (2) Bilateral mal- 
leolar fracture; here the total time of immo- 
bilization would not be reduced by excision. 
(3) Small fragments less than 2 mm. in 
diameter, which will be eventually absorbed. 

Co.vnxuED A.n'kie Paix Fotiowrxc 
Spr.ains .and .\nkie Fr.actures 

Accurate diagnosis of the tj-pe of ankle 
sprains and anatomic reduction of ankle- 
joint fractures should result in fewer pa- 
tients presenting themselves with prolonged 
pain following these injuries. Most persons 
nho have such continued pain are of middle 
or adTOnced age. The leading causes for 
prolonged pain are: 

Arthritis from maladapted joint surfaces, 
which includes fracture involnng joint 
where active or passive motion was not 
begun early. 

Arthritis following traumatic injurv* of 
articular cartilages. 

Arthritis associated with aseptic necrosis 
of bone neighboring upon joint. 

Circulator}' disturbance due to indepen- 
dent arterial vascular disease 

Postimmobilization l5'mphedema. 

-Adhesion formation in ligaments and 
joint capsule. 

Acute post-traumatic bone atrophy (Su- 
dek). 

Presence of free or partially united frac- 
ture fragments within or neighboring 
upon a joint. 

\\Tien a patient presents himself with these 
sA-mptoms, a careful physical examination 
of the ankle should be performed, the status 
of the circulation noted, and roentgeno- 
grams of the Joint made. Aseptic necrosis 
of bone, bone atrophy, free fragments, and 
maladapted joint surfaces are then dis- 
covered. The latter two conditions, in the 
presence of pjerslstent pain, are best treated 
by surgical methods, the first by excision of 


TO FOOT 

the fragment and the second by arthrodesis 
of the involved joint. 

In aseptic necrosis, weight-bearing should 
be prevented until subsequent roentgeno- 
grams show that substitution by living bone 
has occurred; this is usuall}* a matter of 
several months. LjTnphedema should be 
treated by elevation of the leg, followed by 
support to the soft tissues, either by a paste 
boot or by elastic bandages applied to the 
entire foot and leg. It is sometimes neces- 
sar\' to continue this support in obstinate 
cases for from six to nine months Soft- 
tissue adhesions and stiffness, associated 
with p-iin. are treated bj' the usual baking 
with radiant heat, massage and active and 
passive motion. 

If little progress is seen in the patient in 
a week or ten da>5 of daily treatment, in- 
jection of novocaine into the painful area 
should be performed, following which the 
patient can walk for a variable time with- 
out pain. Relief often lasts for from several 
da.vs to a week, or ma}’ be permanent. The 
author has occasionally employed novocaine 
injections followed by active walking as 
soon as the latter diagnosis was made 
(See Chapter 22 for Sudek’s atrophy — 
Ed.] 

INJURIES TO FOOT 

Aching pain in the foot is often at- 
tributed to “flatfoot” and Created by 
strapping or the fitting of metal sup- 
ports. Treatment by “supporting the 
dropped arch," immobilizing the joints, 
and forcing the foot to a predetermined 
shape is wrong. — R, Watson-Jones. 

Chip Filacture of Bones of Foot ; 

ilAECH Fr.ACTUEE of 
Met.atars.als 

The chip fracture of the bones of the foot 
encountered most frequently is that from 
the lateral side of the astragalus. This in- 
jury has already been discussed under 
ankle-joint disorders above Free osseous 
fragments occur with regularity in trauma 
to the naAdcular, cuboid, and the cuneiforms. 
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It IS less necessary to excise such fragments 
as joint stability does not depend upon 
union of ligaments attached to their free 
surface as in the instance of astragalar and 
malleolar fragments Recovery is hastened 
if such free fragments are excised This can 
be done under local anesthesia 

Usually a skin tight plaster boot with a 


umte and the disability following excision 
IS greater than if they are treated conserva 
tively When such free fragments neighbor 
upon a joint early passive motion (at the 
end of seven days) should be begun Mar 
ginal fractures occurring with insignificant 
or no known trauma should be suspected of 
having a luetic connection Phjsical exami 


The Common Accessorc^ Bones 
oP l-he Foot 


Os intermctatarsectm 

—Accessory scaphoid-^ 



. Js VG5«hant«Ti 
Os peroncum 


(Os inbermcVatarsetim^ 



(Os 

^rtgonwrri) 


Os paracMneiforme 

Os tibialc externiuti 
Fig 986 Location of accessory ossicles of feet 


walking iron should be applied as in this 
way the accumulation of edema fluid can be 
prevented and the patient can be ambula 
lory during the time requited for healing 
The length of immobilization depends upon 
the extensiveness of ligamentous repair 
needed If extensive the boot should be 
worn for four weeks if onlj slight two 
weeks Free fragments should not be exased 
from the articular or shaft margins of the 
metatarsals or phalanges as the<e alwa>'s 


nation of the reflexes and serology will con 
firm or eliminate such a possibility 
A rare but painful injury is the fracture 
of the midshaft region of one or more meta 
tarsals which is at first insignificant or 
invisible in the roentgenograms This injury 
occurs often in soldiers and others who walk 
long distances when not in the best of pbjs 
ical shape This is the origin of the name 
‘ march fracture which is attached to the 
injury Since no changes are present in the 
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genogram early, the usual assumption 
ide that the patient has a “foot strain.” 
3 usually then treated by ankle strap- 
but the pain continues. In a week or 
Teeks after onset of pain, a roentgeno- 
shows a spindle-shaped subperiosteal 
Rcation {see Fig. 967) at the site of 
steal stripping about the fracture The 
cion of a malignancy is occasionally 
tained by those to whom the injurj’ is 
miliar. In doubtful cases, and in tj’pical 
nces as well, the treatment Is three 
s’ immobilization in a skin-tight plas- 
oot. A re-e.'ramination by the roentgen 
It the end of this period after remo\'al 
le plaster will confirm or clarify the 
aosis. [See also Chapter 40. In the 
5Dt world conflict “march” or “fatigue 
n” fractures have been noted in the 
, in the shaft of the femur and in the 
)ral neck.— Ed.] 

Accessorv Ossicles of Feet 

connection with marginal fractures 
acute foot strains, it is necessarj’ to 
V the location and appearance of the 
ssorj' bones of the foot that are fre- 
itly visualized in roentgenograms and 
di usually have little connection with 
painful foot disorders. They are often 
neously taken to be marginal fractures. 

986 shows their location. The most 
mon ones are the os trigonum and the 
ibiaie externum. This latter accessor>’ 
:le exists in ever>' variation from a 
ninent mesial tubercle of the scaphoid 
separate ossicle 3 mm. in diameter. It is 
;uently painful in children and adoles- 
:s with fiatfeet in whom the prominence 
Lccentuated by mesial rotation of the 
)hoid. The treatment is to cut down the 
ial shoe border so that pressure is re- 
ed from the prominence. If this does not 
ice, then surgical excision of this acces- 
bone should be carried out, with atten- 
1 to the fibers of the tibialis posterior 
ch may insert solely into the accessory 
cle. 


Foot Strain and Flatfeet as Related 
TO Acutely Painfiu, Feet Follow- 
ing Trauxia or Occurring in 
Tre-atxient of a Traumatic 
Disorder 

The subject of painful feet cannot be 
fully discussed in a short work of this scope. 
For further details and infoTmation the 
reader is referred to the recent monographs 
of Lewin and Hauser upon this subject and 
to Chapter 5. Longitudinal arch pain should 
be carefully differentiated from transverse 
arch pain. The indication for shoe correc- 
tions should be pain rather than anatomic 
features in adults. The best longitudinal 
arch support is a removable sponge-rubber 
or felt support covered with leather, manu- 
factured for each individual patient. If an- 
terior arch pain is present a metatarsal 
elevation can be included in the same sup- 
port. Metatarsal pain alone is treated by 
combinations of metatarsal buttons and 
leather anterior metatarsal bars on the 
shoes. The choice of corrections depends 
somewhat upon e.tperience and the patient. 
Authorities likewise differ as to whether 
stiff- or soft-shank shoes should be the basis 
of corrections. In general, in relaxed feet, 
stiff-shank shoes are preferred while malle- 
able-shank oxfords are best for painful feet 
that are not too much relaxed. Contrast foot 
baths, baking and massage and the tepid 
whirlpool bath will be useful in relieving 
pain The phj’sician nho treats these con- 
ditions will find it useful to prepare printed 
instructions for his patients. 

Persons who suffer from painful feet do 
not do so because of structural abnormal- 
ities alone. It is highly probable that there 
is a certain amount of “arthritis,” inter- 
preted in the broad sense, in the small joints 
of the feet of such persons. This is further 
attested by the success of those irregular 
practitioners, known as bone setters, who 
treat these conditions by manipulation of 
the feeL The frequency of relief should 
alone recommend this procedure. There are 
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many groups of patients that benefit from 
it persons \\ho have had prolonged plaster 
immobilization following fracture or severe 
jprain persons who follow sedentary occu 
pations the middle aged and the aged and 
those who have demonstrable but mild 
osteo arthritic changes in the bones of the 
feet If pain is well localized the pre 
liminary injection of novocaine into the 
painful zone is advantageous If the ex 
tremity is very painful the manipulation is 
best done under general anesthesia The 
forefoot should be pon erfully adducted and 
then dorsiflexed and the heel inverted Fol 
lowing this physical therapy is admmjs 
tered to relieve any residual soreness and 
weight bearing is begun at once in suitably 
corrected shoes if these are indicated 
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Injuries to Muscle and Tendon 
Except in Hand 


Clay Ray AIuril-w. M.D. 


GENERAL CONSIDERATIONS 

The treatment for injuries to muscles and 
tendons is directed (U to restoring con- 
tinuity and normal length if they have been 
lost, (2) to minimizing the antount of 
hemorrhage and e.tudate which becomes 
organized in the structures so that there 
will be a minimal amount of thickening and 
scarring, and (3) to restoring normal-pow- 
ered, smooth and coordinated muscle action 
as rapidly and as completely as possible. 
The methods used must meet these criteria 
if they are to be sound, and, as is the case 
in the treatment of sprains (see Chapter 
41), prolonged convalescence often can be 
avoided if these criteria are kept in mind 
in administering treatment. 

Apart from the operative procedures in- 
volved in the event of actual rupture, tear, 
laceration, or avulsion, generalizations can 
be made in reference to treatment methods 
for this “motor mechanism” of the skeletal 
system. These, honeyer, must be regarded 
only as generally or usually true, and not 
as therapeutic “rules.” The ability to recog- 
nize the indications for violating a so-called 
general principle in treatment of any condi- 
tion is a major factor in intelligent thera- 
peusis. It constitutes understanding of the 
difference between a principle and a rule, 
and leads to treatment properly adapted to 
the individual case. 


Grasp of the folloyying basic general 
principles is of practical importance in deal- 
ing with all disturbances of the gross phys* 
iologj' of this system, whether associated 
with injury or not. 

1. Rest as a therapeutic measure is to 
be interpreted in terms of avoidance of 
pain, spasm, fatigue, and undue strain 
on the healing tissue rather than as com- 
plete immobilization. It is too generally 
interpreted to mean the latter, so that com- 
plete abolition of function and rest come 
to be regarded as symonymous terms. This 
interpretation is not onl> illogical, but the 
results may be definitely deleterious. One 
might just as rightly regard induced coma 
as the only means of meeting the indication 
for rest in a patient. We are careful to dis- 
tinguish betyveen relaxation, normal sleep, 
sedation, and narcosis in considering rest 
for a patient, and we should be just as care- 
ful to distinguish between degrees and dura- 
tions of rest for the muscular system, using 
the above criterion as our guide. That this 
is not mere sentenliousness is rather graph- 
ically, and frequently tragically, illustrated 
in the common handling of back injuries in 
which muscle-fiber tears — “strains” — or 
musculotendinous insertion tears— “sprains” 
— are the predominant lesion. The sound 
principle that “rest” is beneficial for these 
lesions is often not interpreted in accord- 
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ance with the criterion set down at the head exerases It can be accomplished by the use 


of this paragraph, but in terms of an irre 
movable plaster jacket for weeks, or even 
months, at a time Not only is their con 
\alescence unduly prolonged but the pa 
tient has back muscles weakened by d suse 
and easily fatigued when the plaster is re 
moved This results in spasm and pain 
which IS treated by physical therapy modal 
ities which temporarily relieve the lymp 
toms due to fatigue and spasm When the 
fatigue and pain and spasm recur on at 
tempts at normal function, tl ts felt that 
more rest is needed and a new plaster jacket 
is applied One has only to appreciate the 
jearly multitude of backs which ha>e suf 
fered such lesions and which are under 
treatment for months on end to realize that 
rest of the muscular system beyond the de 
mands of the criterion here set down is 
indeed a two edged sword 

2 Procedures or activities which in* 
duce fatigue or pain leading to muscle 
spasm are usually ill advised This is too 
frequently interpreted in terms of the pro 
cedure rather than in terms of its frequency, 
Its intensit>, and ils duration, whether the 
matter be one of exercise, of a physical* 
therapy measure, or of a manipulative pro 
cedure Digitalis is a good drug for certain 
cardiacs, provided the individual dose, the 
frequency of dosage, and the duration of 
administration are evaluated in terms of its 
effect upon the organism A patient will fre 
quently benefit far more by one or two 
minutes of exercise every hour on Ihe hour 
than he will bv a full half hour night and 
morning 

3 All functional activity should aim 
at diffuse but smoothly coordinated and 
“relaxed ’ muscular contraction rather 
than at the accomplishment of individual 
movements This is exemplified by the su 
penor results of purposeful exercise, such 
a:, Is «een in occupational therapy, as op 
po~.ed to the use of «et exerci«es such as 
wrist flexion, wrut extension, pronation 
and supination performed as individual set 


of activity which involves the extremity 
rather than just the injured structure It 
can be furthered by the use of bilateral 
exercise, making the good extremity or part 
keep pace with the injured one rather than 
by attempting to make the injured part 
keep pace with the good one It can be 
helped by the aid of rhythmiaty through 
counting, metronome timing, or music As 
an example, light Indian club exercise 
(using only half pound clubs) to the rhythm 
of music will accomplish startlingly rapid 
and effective rehabilitation jn a shoulder 
with muscles stiffened by disuse or injury 
as compared with wall crayvhng broom han 
die, noarhythmic pendulum swinging, or 
other set exercises of a nonrhythmic nature 
The rhythmicity of the exercise to a large 
degree calls into play the element of co 
ordination 

4 When set exercises are used, they 
should be demonstrated to and by the 
patient The instruction for exercise is often 

Keep your wrist moving, or, more spe 
cifically, ‘Exercise your wrist, elbow, and 
shoulder every hour for two minutes ’ It is 
astonishing the number of patients who will 
carry out these instructions by hunching 
the shoulder up and down for shoulder exer 
CISC, by waving the fixed elbow about by 
means of abduction, forward elevation, and 
circumduction at the shoulder for elbow 
exercise, and by waving the fixed wrist 
about by movements at the elbow and shoul 
der for wrist exercise We far too often 
forget the fact that the effective meaning of 
language lies m the listener s interpretation, 
not m the thoughts and intentions of the 
speaker 

5 In the use of physical therapy it is 
essential that, while recognizing its spe* 
cific effects and realizing its distinct 
value when intelligently used, we realize 
that Its major value by far lies in the de* 
gree to which it makes active function 
easier to accomplish, rather than in the 
feeling of comfort which it induces It 
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is to be evaluated by the answer to the 
question “What can you do now?” rather 
than “How do you feel now?” It is to be 
regarded either as a desirable adjunct to 
functional activity or merely as a partial 
substitute for it, regrettable in the last in- 
stance by reason of its necessity. 

MUSCLE STRAINS 
By this term is meant the overstretching 
or rupture of some muscle fibers without 
gross muscle rupture, and with a certain 
amount of bleeding and some infiltration 
by inflammatory exudate and effusion asso- 
ciated with local vascular stasis. There is 
induced a variable amount of pain and ten- 
derness, spasm, swelling, and functional 
ineffectiveness. Common sites for it are: the 
psoas, giving groin pain; the thigh adduc- 
tors; the back muscles, in lifting or tor- 
sional effort ; the hamstrings, by sudden and 
severe knee- or hip-bracing efforts; the 
biceps humeri; the pronator teres; the del- 
toid; and the neck muscles. 

The treatment indicated in the mild cases 
is rest within the meaning of the term as 
previously described, plus measures de- 
signed to eliminate the infiltrating hemor- 
rhage and exudate and to relieve the local 
circulatory stasis. In general, rest is secured 
by strapping, by felt or cotton compression 
dressing, and by limited use, short of pain 
and spasm. Concomitantly, physical-therapy 
measures such as massage, heat in the form 
of repeated hot ^\et compresses, low degrees 
of radiant heat such as infrared or the thera- 
peutic lamp, low degrees of heat from an 
electric pad, or low milliamperage dia- 
thermy are helpful in combination with 
active but gentle exercise of the part within 
the limits of pain and spasm for short peri- 
ods at frequent inter\-als. Complete rest of 
the part is to be avoided in these cases. 
The aim of treatment is rapid restoration 
of function— not merely sj-mptomatic relief. 
.Analgesics such as aspirin are adequate in 
these mild cases. 

If one or more areas of acute tenderness 


are present, the injection of a local anes- 
thetic such as novocaine or eucupin may 
be of distinct aid if it allows free exercise 
without fain or spasm. It is a mistake to use 
it merely to relieve pain or soreness. If it 
gives the desired relief, active exercise while 
that relief is in force will often materially 
speed up the recovery, and minimize the 
temporary disability. 

In this connection the use of iontophore- 
sis of novocaine in the regions of demonstra- 
ble tenderness is said to be effective enough 
to allow of active use in some cases, and to 
obviate the necessity for the local injection 
of the anesthetic. Its use purely for relief of 
pain is subject to the same comments as 
made on the use of local anesthetic injec- 
tion. 

The criterion by which to judge the value 
of therapeutic measures in these cases is 
the amount of painless function without 
spasm which is possible as a result of their 
use. 

In the more severe cases the general han- 
dling is identical except that rest may have 
to be more complete and for a longer time 
The adjuvant measures should not be neg- 
lected, and any function which can be 
secured without pain or spasm is not only 
allowable, but is therapeutically indicated. 

The specific handling of these lesions in 
back cases is an important matter in indus- 
try (see Chapter 9). 

CONTUSION OF MUSCLE 

This condition is subject to the same gen- 
eral remarks, and is handled in general in 
the same fashion as muscle strain of similar 
intensity. In the severe cases, if seen very 
soon after injury, packing in ice, or the use 
of continuous iced dressings, may mate- 
rially decrease the extent of the pathologic 
process. This is of no value once the 
pathologic process has advanced. Ordinarily 
the use of this procedure is worth while 
only within the first eight hours, and only 
in severe cases. It should not be continued 
beyond the first 12 hours. 
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no 987 {Top Center) Repair of 
muscle (a) Fresh rupture or lacera 
tion Ends trimmed smooth (1) Mat 
tress sutures go through both sheaths 
if possible (2) Small coaptation sutures 
lor edge ol sheath ire then pkced and 
tied (b) Old laceration (1) Tendon 
the end of which has been freshened 
(2) Retracted muscle beU> pulled down 
as far as possible the end fre hened and 
pur«e stringed (3) Fascia laia strips 
fanned out on muscle surface and 
sutured to aponeurosis Point of spin 
in each strip caught by suture The use 
of silk throughout is adnsable 
Fig 988 {Bottoin) Provision against 
adhesions after tendon suture or graft 
The sutured tendon (a) is coicred by 
paralenon or fatty tissue (b) sutured 
with edges everted (c) and caught by 
Its ends to surrounding tissue (d) 
Sheath extends well beyond area of 
suture on each side 

In two regions particularly ^eserecontu 
Sion Is apt to be accompanied by the forma 
tion of an appreciable hematoma m the 
mu«c!e although this ma\ of cour«e occur 
ant where The rectus femoris miiscle and 


the heavy back muscles because of their 
size and location are the most notable 
regions 

When a hematoma occurs evidenced by 
rapid swelling and tension with demonstra 
ble or su^estive fluctuition early aspira 
tion followed by compression dressing and 
the treatment for contusion may shorten the 
story and diminish the chance of a subse 
quent myositis ossificans Late aspiration is 
usually unsuccessful as the hemorrhage 
usually infiltrates into the adjacent muscle 
and fascial planes after relatively few hours 

\Vhen myositis ossificans develops as the 
result of muscle contusion or strain all local 
treatment by massage beat or diathermy 
should be abstained from Locally concen 
irated therapy seems to increase the speed 
certainty and amount of ossification Why 
certain contusions should ossify and others 
should not is as yet not explained Certainly 
no bone or periosteal damage need occur 
and the bone is formed in the connective 
tissue replacement in the muscle first and 
acquires any bony attachment secondarily 
Empirically normal use within pain and 
spasm limits abstention from local therapy 
and from forced active or passive exercise 
and watchful wailing until the bone forma 
tion and regression have passed through a 
rather definite cycle is the indicated ther 
apy The nature of the cycle and the treat 
ment foe the residual ossification is de 
scribed in Chapter 22 under myositis 
ossificans as a fracture complication 

RLPTLRES AND L\CERATIONS 
or MUSCLE 

When rupture of a muscle secondaiy to 
either direct or indirect violence occurs it 
IS usually at the musculotendinous junction 
the tendinous portion pulling out of the 
muscle It may however be across the mus 
cle belly it«elf The fascia sheathing the 
muscle IS usually torn and retraction of the 
muscle ends occurs Occasionally the belly 
of a mu«de may rupture completely across 
within the intact sheath When this occurs 
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it is suspicious of a pathologic state in the in front and behind should be included 
muscle itself, and degenerative or other (Rg. 987). Postoperative splinting is indi- 
changes should be looked for at operation, cated for a period of ten days or two weeks 
These cases should be repaired early— in the position which minimizes stretch and 
and by early is meant as emergencies. It is tension. For the next t\so weeks gentle and 
a mistake to delay operation until the swell- gradually increasing active exercise with 
ing goes dorni and until the hematoma is the splint removed is practiced several times 
absorbed. Not only does the separation of daily, the splint being replaced after exer- 



Fio. 989 A. Bunnell method of remo\’able wire tendon suture. 

(a) Wire braided through proximal part and passed through distal 
part of tendon. 

(b) Remoxnng wire placed. 

(c) Ends of wire through distal segment brought out through a 
button on skin. Removing wire brought out through small skin in- 
cision proximally. 

(d) Complete suture. Removal is accomplished by cutting end 
of wire passing through button and pulling on removing wire. 

(e) Additional very fine silk double right-angle suture for edge 
approximation if necessarj’. 

the muscle ends become progressively more else. At the end of four weeks the splinting 
difficult to correct because of contracture, can be discarded and active exercise without 
but the infiltration of muscle belly and splinting progressively enforced. Physical 
sheath by hemorrhage and exudate renders therapy is employed as an adjuvant 
both increasingly friable and difficult to throughout. 

suture securely. WTren the muscle is ruptured within the 

It is necessary’ to approximate the tom intact sheath, the anterior sheath should be 
ends snugly for satisfactorj’ results. In opened, the contracted ends of the muscle 
order to do this, mattress sutures are indi- pulled together, and the mattress sutures 
cated, and the sheath of the musde both should go through both sheaths. 
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RUPTURES AND LACERATIONS formed is caught with a few very fine buried 


OF TENDONS 

When operation is indicated in these cases 
It should be done early, preferably as an 
emergency In suturing tendons, all sutures 
must be buried, and the site of suture should 
be protected against adhesions to the sur- 
rounding tissue In addition, speaal types 
of suture are indicated, since there is a great 
tencjency for sutures to pull out 



Fio 989 B End to end tendon sutua 
(Bunnell) (a) Method of placing sepa 
rate sutures in each section, while tendon 
IS held in small Kocher clamp (b) The 
ends of the suture are brought out 
through tendon end after the latter is cut 
smoothly across at the dotted line (c) 
Completed placing of suture Note point 
of emergence of suture ends (d) Com 
pleted suture The two tendon ends have 
been accurately approximated, and the 
tied ends of the suture on each side are 
buried, ties actually being withm sub 
stance of tendon tissue 

The protection against adhesions may be 
provided for m several ways The ihin film 
of areolar tissue which lies between fatty 
subcutaneous tissue and deep fasaa or over 
the triceps or Achilles tendons may be dis 
seeled off as a veil like sheet with a sharp 
scalpel and wrapped around the tendon at 
the point of suture and for an inch or two 
on either side of it This is probably the 
best method The areolar envelope so 


sutures Silk is preferred A thin envelope of 
subcutaneous fatty tissue may be used, but 
is not so satisfactory Artificial substitutes 
for these have in general proved unsatis 
factory (Fig 988) 

In all tendon repair, carefulness of 
technic and great gentleness in the handling 
of the tissues is of paramount importance 
A minimum of tissue reaction is not only 
desirable, but is essential if adhesions and 
scar-tissue freezing are to be avoided Mini 
mal and gentle handling of the tissues, care- 
ful hemostasis with fine clamps, and the 
use of the finest possible sutures and liga 
lures of silk or cotton are necessary fea- 
tures Since even very low grade infection 
or ‘ wound reaction” may vitiate the results, 
the operative technic as regards asepsis 
must be particularly good 

METHODS OF TENDON REPAIR 

End-to-end This is illustrated in Fig 
989 The technic is that of Bunnell Its 
advantages lie m that the sutures are buried, 
the chance of the sutures pulling out is 
practically nil, and the strain is well dis 
tributed with a minimum of reaction It is 
ideal in those regions where the occurrence 
of adhesions or scarring is of great import 

Another method of suture has been re 
cently described by Bunnell, using a stain 
less steel wire The suture is so inserted 
that at the end of three weeks it cm readily 
be removed from the tendon without opera 
tion, and in the interim it leaves the line 
of junction of the two cut ends completely 
free from strain It consists essentially in 
passing a wire suture through the portion 
of the tendon attached to the muscle belly 
by the technic shown in Iig 9S9, passing 
the two emerging ends of the suture directly 
through the distal segment of the tendon 
for a distance, then to emerge through the 
skin, where they are pissed through and 
tied snugly over a button A second piece of 
wire IS passed about the proximal looped 
end of the suture, its two sides twisted 
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tightly together, and is brought out through 
the skin some distance proximal to the 
proximal end of the tendon suture as shown 
in Fig. 989 A. This second wire is the re- 
moval ndre. All pull exerted by the muscle 
belly is taken by the button, thereby re- 
lieving the junction of tendon ends from 




Fig, 990. Side-to-side tendon suture: 

(a) Without perforation; (b) with 
perforation. 

strain during healing. After healing is ac- 
complished, the button is cut off, and 
the suture is withdran-n by pulling on the 
removal wire attached to the proximal end 
of the suture. This principle can be em- 
ployed for tendons practically anywhere, 
including the Achilles tendon, the quadri- 
ceps tendon, the patellar tendon, etc. It 
represents an important advance in finger 
tendon suture, and is of advantage in the 
other sites as well. 

Side-to-side. \Mien adhesions and scar- 
ring are not of such importance, and where 
early function under considerable strain is 
desired (as in the forearm or leg) a side- 
to-side suture with or without perforation 
may be used to advantage. The author pre- 
fers the procedure with perforation (Fig. 
990). In these cases the apposed surfaces 
should be scraped or scarified. 

Tendon Grafting. MTiere tendon is de- 
stroyed, or where tendon ends are separated 
due to irreducible contraction of the muscle 
belly, tendon grafting may be necessary to 
fill the defect. This is also true where the 
point of suture of a severed tendon would 


have to pass to and fro through a particu- 
larly narrow or constricted channel. The 
ends of the two sections of tendon can be 
excised and a graft placed between them so 
that neither suture line between graft and 
tendon end has to glide through the narrow 
channel. Grafts may be obtained from the 
long extensors of the toes, from the peronei, 
or from the palmaris longus. If necessary’ a 
thin flat strip of triceps, quadriceps, or 
Achilles tendon, or of fascia lata, may be 
rolled into a tube of the appropriate size, 




short tendon graft. 

Fic. 992. {Center) Method of suture 
for long tendon graft. 

Fic. 993. {Bottom) Method of trans- 
ference to several tendons. 

the thin areolar paratenon tissue on the 
outside, and used as a graft. The method 
of suturing such grafts depends upon the 
length of the grafted section (Figs. 991 
and 992). 

Transplantation of Tendon. WTien, be- 
cause of tendon loss or for other reasons, 
anodier tendon has to be transplanted to 
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Fig 994 {Top) Tendon transplanl 
into tendon insertion (Mayer) (a) Slit 
in tendon and periosteum at insertion 
and bone guttered Transplanted tendon 
passed through sheath of host tendon 
and suture ends passed through pen 
osteal flaps snugging tendon into pre 
pared gutter (b) Suture tied and con 
tinued upward shoestring style to bury 
transplanted tendon in substance of host 
(c) Completed suture 
Flo 995 {Bottom) Methods of ten 
don insertion into bone (a) Through 
drill hole with side to-side suture (b) 
Vn^r lovgitu^ina) osteoperiosteai fiap 
tendon suture going through drill hole 
in bone and sutured to opposite pen 
osteum and soft parts (c) Under lateral 
osteoperiosteal flips lateral mattresses 
through tendon coming out through dnll 
holes and flaps sutured down o\er ten 
don In all instances surface of tendon 
to be buried should be roughened 

supplj power the new tendon ma> be in 
serted into the old bj the method described 
m Fig 990 or if more than one tendon has 
to be substituted for, by the method shown 


m Fig 993 Insertion of one tendon into the 
insertion of another for substitution pur 
poses may be earned out by Leo Mayer s 
method (Fig 994) Fixation of a transferred 
tendon into bone when there is no residual 
tendon into which to insert it or reattach 
ment of an avulsed tendon or a substitute 
for it into bone may be accomplished by 
one of the methods shown in Fig 995 

Tendon Lengthening If tendon length 
ening has to be employed it may be done by 
a Z or sliding tenotomy In a fiat tendon 
this may be done in either the horizontal or 
the vertical plane (Fig 996) The Hibbs 
method may also be used if the amount 
of lengthening desired is considerable 
(Fig 997) 

Tendon Shortening Occasionally ten 
don shortening may be indicated It may 
be accomplished by the method shown in 
Fig 990 or by the Z or sliding tenotomy 
plus excision of part of the tendon 
(Fig 998) 

In all tendon repairs transferences and 
re insertions it is to be remembered that it 
IS necessary to have some tension present in 
order that the tendon may not atrophy On 
the other hand marked tension which re 
stnets motion range will result m muscle 
atrophy The tension created shoidd usu 
ally allow of full motion range when the 
procedure is completed without buckling 
of the tendon during any phase of the move 
ment Too long a graft or loo extensive a 
lengthening is as physiologically unbound as 
the creation of such tension that marked 
restriction of motion range results 

INDIVIDUAL TENDON AND 
MUSCLE RUPTURES 

Tears of Musculotendinous Cuff in 
Shoulder These constitute an interesting 
and important group of cases the signifi 
cance of which has come to be appreciated 
in late years b> reason of the work of Cod 
man and others Some of the general con 
siderations of this problem have been pre 
^nled in Chapter 29 A rather changed 
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concept of the pathologic changes involved 
and the operative handling of these cases 
was presented by H. L. JIcLaughlin in the 
Journal of Bone and Joint Surgery, 26: 
31-51, and its impjortance is such that the 
subject will be presented here in some de- 
tail by direct quotations and illustrations, 
as follows; 

“The skin incision parallels the strap or 
suspender line and the normal skin creases of 
the region; it is situated just lateral to the 


Fig. 996. Tendon lengthening: (a) For 
round tendon; (b) svde-to-side Z — flaps can 
be sutured side-to-side or placed one on top 
of the other; (c) anteroposterior 7. with slid- 
ing of flaps one on the other. 


Fig, 997. Hibbs’ tendon lengthening: (a) 
Incisions through tendon and ligatures which 
are tied before elongation of tendon; (b) ten- 
don elongated. 


Fig. 998. Tendon shortening; (a) Incisions 
through tendon — shaded portions are excised; 
(b) shortened and sutured tendon. In flat 
tendons, side-to-side and anteroposierioi Z 
tenotomy can be similarly treated. 


acromioclavicular joint, and extends Iiom the 
posterior to a point 3 to 5 cm. in front of the 
anterior border of the acromion {Fig- 999). 
That portion anterior to the acromion is 
deepened, and the underlying deltoid fibers 
are separated and retracted to expose the roof 
of the bursa and the coraco-acromial liga- 
ment, which are in turn incised and retracted. 
An e.xploratorj' opening (Fig. 1000) is then 
available through which, by manipulation of 
the extremity, almost all except the most 
posterior and inferior portions of the bursa 
and musculotendinous cuff may be examined. 


the pathology evaluated, and minor proce- 
dures — such as the e.xcision of the bursa or 
evacuation of calcified deposits — carried out. 

At this stage of the approach it should be 
emphasized that' 

1. All deltoid splitting should be near 
enough to the anterior border of the muscle 
so that, if terminal axillary nerx'e fibers are 
accidentally severed, the amount of resultant 
atrophy and paralysis will be insignificant, 
from both a cosmetic and a functional \new- 
point. 

2 . Deltoid splitting should be carried down 
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from, rather than up to, the anterior border 
of the acromion. In this way no unnecessary 
splitting is done; danger of involving axillary 
ner\e branches by dissection is minimized; 
and the circumflex acromial vessels may be 
identified and controlled at the start, ensuring 
a dry' field. 

3. WTien more complete exposure of the 
anterior joint region is desired, separation of 
the deltoid fibers may readily be extended, but 
each additional centimeter of e.xtension in- 
creases the risk of damage to the axillary 
nerve branches. It is safe to split the proximal 
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4 cm of the anterior deltoid and more than 
this IS required only in the exceptional case 
When examination through this exploratory 
opening has indicated the need for a complete 
exposure of the joint region the skin incision 
IS earned directly backward to the poslenor 
border of the acromion and deepened to bone 
The acromion is then divided by an osteotome 
(Fig 1001) When intra articular exploration 
involving complete exposure of the glenoid is 
required the osteotomy is directly anteropos 
tenor and about midway between the acromio 
clavicular joint and the lateral border of the 
acromion (Fig 999 Site A) but for pur 
poses of repair work on the intnnsic muscle 
cuff a more oblique osteotomy (Fig 999 


Through such an opening in the cuff it is 
found po<5Sible to do any of the common 
shoulder joint procedures with ease A dis 
located fragment of the humeral head ma> 
be removed from above rather than through 
the brachial plexu Reattachment of the 
labrum glenoidale or anterior capsule for re 
current dislocation is carried out from within 
the joint thus avoiding the trauma caused by 
txansveree section of the coracoid and sub 
scapulans Transplantation of the biceps ten 
don IS done with the added certainty of 
knowing exactly where the tendon is to emerge 
from the humeral head since the bony tunnel 
IS made from above downward and the intra 
articular po nt of emergence of the tendon 



Fic 999 (Left) Left shoulder viewed from above showing skin incision and sites for 
division of acromion process (Courtesy Bone and Joint Surg 26 32) 

Fio 1000 (Center) \iew from above left showing exploratory portion of incision 
(Courtesy Bone and Joint Surg 26 32 > 

Fio 1001 (RigZ/I) Left shoulder viewed from above — acromion divided (Courtesy Bone 
and Joint Surg 26 33 ) 


Site B) deviating laterally to emerge at about 
the lateral tip of the acromion gnes adequate 
exposure and a little better cosmetic result 
The loose areolar tissue is next separated from 
the undersurface of the divided fragment fol 
lowing which the outer flap of the wound is 
reflected laterally as far as the level of the 
surgical neck of the humerus making avail 
able for inspection the humeral head and the 
tuberosities covered by the intrinsic muscle 
cuff (Fig 1002) 

A complete survey of the interior of the 
joint IS obtained by making a longitudinal 
incision through the cuff from the level of the 
glenoid cavity to the anatomic neck of the 
humerus This incision parallels the direction 
of the cuff fibers and maj he made through 
any one of the four tendons but is roost use 
ful and least traumatic when located in the 
aponeurosis joining the subscapuhns and 
supraspinatus tendons 


may be placed as far medially as desired 
Reassemblement and fixation of complicated 
fractures and fracture dislocations or recon 
structioR procedures such as that described 
by Jones are much more simply done since 
the whole pathologic field is m full view at 
one time and the soft part tears invariably 
accompanying such lesions are amenable to 
easy repair 

Alultiple sutures of fairly fine silk are used 
for side to side closure of the longitudinal 
incision in the cuff ami it can be demon 
strated by passive manipulation of the ex 
tremity at operation that the tension on such 
a repair is insignificant Consequently the 
fact that the intrinsic muscle cuff has been 
opened does not constitute a factor tending 
to delay mobihralion nor has it lieen ob 
served to delay convile<=cence to any ippre 
ciable extent It should be emphasized how 
ever, that such repair must be secure enough 
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to prevent early mobilization from pumping 
joint fluid through the suture line to collect 
in the region of the bursa and exert a dele- 
terious effect on tissue healing. 

In closing the Tvound proper, it is con- 
sidered advisable to excise and discard the 
outer fragment of the acromion. The stump 
is beveled off and reshaped for purposes of 
obtaining the optimum cosmetic result, and 
the free deltoid origin is sutured to the rather 
tough tissue on its superior aspect. If for any 
reason the fragment is not removed, wound 
closure is accompUshed by soft-tissue suture 
only; no attempt at bone fixation should be 


ease with which they are able to commence 
active mobilization of the extremity, as com- 
pared with previous cases in which no divi- 
sion of the acromion was done, or in which 
dhnsion was followed by fixation of the frag- 
ments. 

Further potential benefits are gained by 
thus reducing the size of the acromion. If a 
ruptured cuff has been repaired, such a re- 
duction should mean less surface against 
which the repair site will impinge on elevation 
of the arm,— consequently less wear, less post- 
operative pain, and earlier rehabilitation. If 
operation for recurrent dislocation has been 



Fio. 1002. {Left) View from above of exposure of cuff following division of acromion 
and retraction. (Courtesy, Bone and Joint Sutg , 26:53.) 

Fic. 1003. {Center) Left shoulder viewed from in front, showing incomplete tear in 
outer surface of cuff, (a) The tear. (Courtesy, Bone and Joint Surg., 26 :3S ) 

Fig. 1004. {Ri^ht) View from in front, showing appearance of incomplete tear in sub- 
stance of cuff, surface intact but looking blistered (a). (Courtesy, Bone and Joint Surg., 
26:35.) 


made. Good union of the bony fragment has 
occurred in all such cases whether or not 
fixation was present. 

Removal of this fragment has been followed 
by no functional defects. On the contrarj’, it 
has appeared to be of distinct benefit in most 
cases. Smitb-Petersen has pointed out that re- 
mox^al of the lateral portion of the acromion 
in itself does no harm, and is successful in 
relie\-ing certain tj-pes of shoulder pain. The 
experience gained in obserxing the postopera- 
tive course of shoulder case*, in whi^ removal 
has been done in addition to other procedures, 
has verified his statements. There has been 
noted not only a distinct decrease in the 
amount of postoperative pain suffered by these 
patients, but also a distinct increase in the 


done, a smaller acromion should mean a less 
prominent fulcrum over which the humerus 
may subsequently be levered toward a dislo- 
cated position, and a decrease in the potential 
risk of recurrence. In cases of fracture- 
dislocation requiring removal of the humeral 
head, shortening of the acromion and the re- 
sultant transplantation of the corresponding 
deltoid origin to a point more medial than 
normal should result in a greater mechanical 
adxwntage for the deltoid and greater power 
of aMuction. .\11 of these premises now have 
been adequately confirmed b}’ clinical expe- 
rience and will be reported in detail at a later 
date. 

The wound, per se, requires no particular 
after-care, and the postoperative management 
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and there is evidence to indicate that the 
deposition of calcium salts in the tendons con- 
stitutes one manifestation of the poor healing 
qualities of such a lesion. On the other hand, 
it commonly involves only the deep surface of 
the cuff, so that the retracted tab of tissue 
may produce an internal derangement of the 
shoulder joint in much the same rvay that a 
mobile tab of medial meniscus produces symp- 
toms in the knee (Fig. 1005 A). 

n. COMPLETE RUPTURE 

Such a tear is complete in the sense that 
it involves the whole thickness of the cuff 
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Wilson, vdthout undue tension on the repair 

site. 

B, Pure Vertical Rents or Longitudinal 
Splits Paralleling Direction oj Cuff 
Fibers 

Such a tear is most frequently found in 
young pemons, whose tendinous cuff is thick 
and strong enough to withstand transverse 
rupture, and invariably has been situated in 
the aponeurosis uniting the subscapularis and 
supraspinatus — that portion of the cuff aptly 
described by Jones as the coracocapsular liga- 
ment. A small split of this type (Fig. 1006) 



Fig. 1006. {Left) Small longitudinal split viewed from in front. (Courtesy, Jour. Bone 
and Joint Surg., 26:36.) 

Fig. 1007. {Center) Large longitudinal split viewed from in front. (Courtesy, Jour. 
Bone and Joint Surg , 26 *.36 .) 

Fig. 1008. {Right) The beginning of a longitudinal split superimposed on a trans- 
verse tear. Left shoulder viewed from above. (Courtesy, Jour. Bone and Joint Surg., 
26 :37.) 


and results in a direct communication between 
the subdeltoid bursa and the joint cavity. This 
group of lesions may be divided into four 
main categories: 

A. Pure Transverse Rupture 
This is an uncommon lesion. It has not 
been encountered in a young person with a 
healthy cuff, and is usually to be found in the 
age group past 35, and in persons whose cuff 
has become weakened by attrition. Because 
it is purely transverse, with both ends of the 
torn portion adherent to the adjoining intact 
cuff, minimal retraction is the rule; and for 
this reason such tears are amenable to direct 
end-to-end suture or reinsertion into the an- 
atomic neck of the humerus as described by 


probably heals spontaneously under favorable 
circumstances, but on occasion has been found 
to give rise to protracted symptoms requiring 
late repair. In a longer split, however, the 
edges are pulled apart by the divergent forces 
of the sutecapularis and the external rotators, 
and an elliptical hiatus is produced in the 
anterosuperior part of the cuff (Fig. 1007). 
The largest such lesion — three by two inches 
— found to date was in a teen-aged girl, and 
was accompanied by a gross subluxation of the 
humeral head which disappeared following 
side-to-side repair of the ununited rent. 

Commonly, the splitting apart of the fibers 
extends as far laterally as the level of the 
surgical neck of the humerus, and, as it passes 
over the greater tuberosity, involves the bone 
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(m the form of a fracture of the tuberosity) 
as %\ell as the overlying tendinous envelope 
Under such circumstances the humeral head 
loses the support of its posterior and superior 
stabilizing muscles and aided by the un 
opposed pull of the intact subscapulans rolls 
downward and {oTViard into a dislocated posi 
tion Such dislocations are found to be intra 
capsular in nature nith the anteroinferior 
joint structures essentially intact 

C The Tear uith Retraction 
The general conception of a retracted (ear 
of the cuff has been of a more or less tians 
verse rupture extending across the fibers or 


scarring and degenerative changes This fact 
must be taken into consideration and the de 
generated scarred peripheral edges of any tear 
must be e\ci«ed back to normal vascular tissue 
before r^air may be done with optimum 
chances for healing 

In the second place while immediate oper 
ations on fresh injuries have indicated that 
the primary tear is usually transverse in na 
ture explorations at various later periods fol 
lowing injury have demonstrated that certain 
changes in the nature of the lesion quickly and 
inevitably occur The cuff might be likened to 
a sbeet of cellophane which so long as it re 
mams intact has great tensile strength but 



Fig 1009 {Left) Commencement of retraction following extension of split Le't 
shoulder viewed from above (Courtesy Jour Bone and Joint Surg 26 37 ) 

Fig 1010 (Center Ujt) Eventual form of tear following retraction Left ®hou!dei 
viewed from above (Courtesy Jour Bone and Joint Surg 26 J7 ) 

Frc 1011 (Center rtght) Showing placement and action of continuous ^uture after 
excisionof scar tissue edges of tear (Couiiesy Jour Bone and Jo nt Surg 26 38 ) 

Fig 1012 (Rtght) Showing continuous suture pulled taut and lied through 
lateral aspect of greater tuberosity (Courtesy Jour Bone and Jo n Surg 
26 39 ) 


avuhing the tendon from its bony mscTtion 
and the suggested methods of repair have been 
designed to combat this type of lesion by end 
to end suture or reinsertion of the retracted 
fragment into the anatomic neck of the 
humerus It is probably safe to say that this 
IS a misconception wh ch has been and is the 
most important single (actor in the production 
of unsatisfactory results because a transverse 
rupture is seldom found alone and pure end 
to end repair is frequently contraindicated 
Before a rational plan o( repair can be con 
ceived an understanding of the following 
characteristics of the mechanics of the rupture 
IS necessary 

In the first place such ruptures seldom 
occur except in tendinous cuffs that have been 
subjected to sufficient U'e and attrition to 
make them thin and weak and the seal ol 


which once a small up is started progres 
sively team more and more with each addi 
tional strain placed upon it The correspond 
ing lesion taking place in the tendinous cuff 
consists of a progressive splitting apart of the 
fibers commencing at one end of the original 
transverse rupture (usually the anterior end) 
and extending medially to produce a longi 
tudinal split parallel to the long axis of the 
fibers (Fig 1003) 

Undoubtedly some injuries are such that 
both the transverse and splitting portions of 
the tear are produced simultaneously but 
more important i» the fact that once estab 
Iished the extent of both portions may be 
increased by minor traumata or sudden move 
meats of the extremity At operations on pa 
tients whose acute symptoms dated from a 
recent injury, it has been noted repeatedly 
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that the cuff pathologj’ consisted of a rupture 
of obviously long duration upon wbidi was 
superimposed a recent extension of the pre- 
existing tear. 

As the splitting portion of the lesion extends 
mediallj', it becomes subject to a new me- 
chanical force. The subscapularis pulls its 
anterior edge forward, while the external rota- 
tors pull its posterior edge backward; and in 
this manner the tj’pical crescentic or triangu- 
lar hiatus begins to form (Fig. 1009). Time 
and cicatrization further camouflage the true 
nature of the lesion, so that on superficial 
examination it appears to be nothing more 
than retraction superimposed on a transverse 
tear (Fig. lOlO). Attempts to repair this 
of lesion by end-to-end suture or by reinser- 
tion of what appeared to be the retracted end 
of a transverse tear into the anatonuc neck of 
the humerus, especially if the gap to be closed 
was further increased by exrision of the 
scarred avascular penpherj* of the tear, loo 
often ha\ e been ui^appy experiences for both 
the patient and the surgeon. 

As a result of the realization that a re- 
tracted lesion must be a combination of the 
transverse and longitudinal tear, a correspond- 
ing change in the method of repair has been 
developed. Actually the change is in principle 
rather than method, and is characterized by 
two important departures from the generally 
used technic of end-to-end repair The first is 
that the size of the hiatus in the cuff and, 
ipso facto, the amount of retraction, is de- 
creased b>’ side-to-side rather than by end-io- 
end repair. Codman recognized that such a 
procedure would be much easier than the end- 
to-end method, but considered it unwarranted, 
because it appeared to distort the nonnal 
anatomic mechanics of the structures involved. 
The second is that no attempt is made to 
restore normal anatomic reposition of the 
structures involved past the point of tension. 
Reinsertion of the retracted portion of cuff 
into the humeral head is done at whatever 
point it win reach with ease, with the arm 
at the side, rather than at its normal point of 
insertion, the anatomic neck. No specific 
technic can be laid down for the repair of all 
retracted lesions, since their diversity of shape 
and size demands different methods; some re- 
quire mainly a side-to-side repair while in 
others the main part of the repair will be 
end-to-end. Some combination of the two is 
usually indicated. 

One prerequisite of any efficient repair is 
good e.xpo3ure and adequate working room. 


The transacromial approach, utilizing the 
oblique tjpe of osteotomy, has been found 
superior to any other for this purpose. With 
the tear completely e.xposed, its degenerated 
and scarred edges are excised back to viable 
tissue The crescentic hiatus is then made into 
a long V-shaped opening which points medi- 
ally {'Fig. 1011). 

A shoelace tjpe of continuous suture is 
started at the m^ial extremity of this open- 
ing, and is placed so that traction on its ends 
pulls the two edges of the opening together 
side-by-side. This suture is pulled snug up to, 
but not past, the point of tension. WTien this 
has been accomplished, it will be found that 
only a small V-shaped opening remains. The 
area of the humeral head visible through this 
re-idual opening is next denuded of articular 
cartilage, so that the edges of the opening 
come into contact with raw bone, and the two 
ends of the continuous suture are passed 
through drill holes and are tied at the outer 
surface of the greater tuberosity (Fig. 1012), 
Frequently the residual gap in the cuff is so 
large that the stabilization produced by the 
main suture is not sufficient to anchor Us edges 
down securely to the denuded area of the hu- 
meral bead. ^\‘hen this is the case, additional 
mattress sutures are required (Fig. 1013). 

The net result of such a procedure is that 
two healthy vascular cuff cages are brought 
together, and are held with minimal tension 
by the mam continuous suture Inasmuch as 
the suture is tied on the lateral surface of the 
bone, any additional tension subsequently 
placed upon it by movement of the extremity 
will tend to pull these edges together rather 
than apart. The remaining lips of the cuff 
opening are fixed m appo'^ition to raw bone 
surface in whatever location they will remain 
without tension, with the arm at the side. At 
timea small ruptures with mild retraction may 
be excised and fixed directly to the bone 
underij-ing the edges of the tear, but such 
cases seem prone to a more uncomfortable 
and protracted rehabilitation period than simi- 
lar cases in which a side-to-side revision has 
been done. The technic described has the 
theoretical disadx'antage of some small dis- 
tortion of the mechanics of the joint by failure 
to secure normal anatomic reposition of the 
tendons involved. However, the advantages of 
a snug but tension-free repair — no matter 
what the shape of the tear or the amount of 
retraction — of not ha^ang to maintain the 
extremity in an abducted position for fear of 
disruption, and of early active motion and use 
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of the arm are practical and important {See 
also Chapter 41 — Ed ] 

D Massive Avulsion 0 } Cuf} 

The mildness of the defect resulting from 
even gross transplantation of the cuff insertion 
IS well illustrated by the results in the eight 
cases which belong in a class by themselves 
All were similar to what Bosworth has called 


the lesions were repaired in a manner similar 
to that depicted m Fig 1014 — ^by as much 
side to-side suture as could be managed with 
out tension and by reinsertion of the cuff into 
the superior surface of the humeral head so 
that Its suspensory function, as described by 
Jones was maintained The most recent pa 
tient who is still m the early postoperative 
stage and whose result cannot as yet be evalu 



Fic 1013 [Top) Excision of avascular scarred edges with side to side revision of large 
tear with gross retraction 

Fig 1014 (Bottom) Pathology and repair of massive retracted tear 


a massive avoiUion of the cuff — that is a com 
plete avulsion of the external rotators with 
refraction almost to the level of the glenoid 
made possible by a longitudinal «pht com 
pletelj separating the supraspmatus from the 
subscapularis (Fig 1014), and at times in 
volving the tendon of the latter as well At 
times the retracted cuff becomes interposed 
between the glenoid and the humerus Symp 
toms of pressure on the brachial plexus, 
resulting from the almost invariable chronic 
subluxation of the humerus, are common AH 


ated, had a Nicola transplantation of the long 
head of the biceps done in addition to the 
cuff repair It is possible that this should be 
done in ail such cases but none of the other 
seven patients has shown any tendency toward 
subluxation of the humeral head when the 
lesion was repaired by reinsertion of the cuff 
alone Therefore, it is considered that the ad 
ditioR of a Nicola procedure does not give 
more than a little extra assurance of stability 
of the humeral head and is not required 
exc^t in the occasional case where the re- 
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inserted cuff appears to give inadequate sta- 
bility and suspension as a result of its grossly 
transplanted insertion. 

There has been no set regimen for post- 
operative care. Physical therapy is useful 
when it is employed to help the patient pro- 
gress in a program of active exercises, but is 
considered to do much more harm than good 
when the patient gets the idea that the treat- 
ments are doing something active toward his 
rehabilitation. Under the latter circumstance, 
progress is almost always in reverse. Main- 
tenance of mobility and gradual progressive 
resumption of use is the essence of the after- 
care, but only one person, the operating sur- 
geon, whose judgment is tempered by a 
knowledge of the size of the lesion, the con- 
dition of the tissues involved, and the security 
of the repair, is qualified to evaluate the 
speed and completeness with which motion 
and use may be allowed. Immediate gentle 
motion in balanced suspension Is the rule 
until the wound is healed. The patient Is then 
allowed out of bed and is taught a program 
of active, gravity-free, pendulum exercises. As 
soon as sjTnptoms and strength permit, wall- 
crawling and pbbet t>pes of exercises are 
added. All exercises should be in short periods 
at frequent interr'als, and should be done up 
to but not past the point of pain or fatigue. 
Five-minute exercise periods ever>' hour on 
the hour are considered ideal. All patients are 
encouraged in the immediate resumption of 
normal light function, but as a rule active 
elevation of the extremity is not allowed until 
some time between the third and seventh 
week, depending upon conditions observed at 
the time of operation. 

Fine stainless-steel wire was used for the 
main repair suture in two cases. Symptoms 
of bursal irritation developed in both more 
than a year after operation, and the rKulting 
chronic bursitis did not subside in either case 
until after the metal sutures were removed. 
No. 3 Deknatel or No. S Pearsall silk was used 
in the remaining cases, and has been found to 
be very satisfactorj’ for the purpose.” 

Operation for Repair of Rupture of 
Long Head of Biceps Brachii. This is 
described in Chapter 29. 

Repair for Avulsion of Tendon of In- 
sertion from Muscle Belly or from 
Biceps Tubercle of Radius. This may be 
necessarj*. WTien a\ml3ion of the tendon 


from the muscle belly is seen early, the 
repair is effected as in Fig. 987 A. IVhen 
encountered late, retraction of the muscle 
may make it impossible to secure adequate 
apposition for safe suture after all scar 
tissue is excised. Repair will then involve 
the use of fascia lata strips, as in Fig. 987 B. 
l\Tien the insertion of the tendon is atmlsed 
from the bicipital tubercle of the radius, 
reattachment to the radius is technically 
difficult, and when attached to the anterior 
surface the supinator power of the biceps 
is lost- It is preferable to suture the avulsed 
tendon to the deep tissues over the upper 
ulna— the insertion of the brachialis anticus 
and the fascia over it. The brachial vessels 
and the median nen'e are kept to the outer 
side of the point of suture, so that they lie 
on the brachialis anticus and the biceps 
tendon passes over them to its point of 
suture. 

Immobilization in flexion at right angles 
by a posterior molded splint, with gentle 
active flexion from this point toward full 
flexion started at ten days, and removal of 
the splint and beginning extension in a sling 
at the end of three weeks constitute the 
postoperative regime. 

Rupture of Extensor Longus Pollicis. 
This occurs at times as the result of injuries 
to the wrist, particularly in Colles’ frac- 
ture, or at times spontaneously, presumably 
as the result of constant occupational strain. 
WTien it occurs in Colles’ fracture and 
other wrist injuries it is usually a late de- 
velopment several weeks after injury and 
occurs in the groove on the radius. The loss 
of ability to extend the thumb appearing in 
the course of convalescence may occur six 
weeks or more after the injury. Since the 
rupture in these cases is the result of pre- 
ceding degenerative change, the tendon ends 
may be frayed and friable. If end-to-end 
suture of the freshened ends (Fig. 989) is 
possible it may be done. 

Postoperative immobilization in extension 
for two weeks, with extension exercise of 
the muscle in that position, may be fol- 
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lowed by gradual resumption of regular 
function 

The proximal end of the tendon may re 


the freshened ends of the rupture (Figs 
988 and 992) In this case a long enough 
graft should be used so that the suture lines 


Fro 1015 Fig 1016 Fro 1017 Fig 1018 



Fic 1015 Repair of avulsion of extensor tendon insertion into terminal phalanx 
of finger ^ote hyperextension of terminal interpbalangeal and flexion of middle inter 
phalangeal joints — the position for postoperative immobilization 

Fic 1016 Repair of finger flexor tendon avulsion Suture goes through drill holes 
and IS tied through extensor tendon insertion 

Fig 1017 Repair of suprapatellar luptute o! quadriceps tendon Mattress sutures 
include both surfaces of tendon 

Fig 1018 Repair of quadriceps tendon avulsed from patellar margin Fascial strip 
or heavy silk can be used 

Fic 1019 Repair of old quadriceps tendon tear with retraction of muscle 
Fig 1020 Repair of recent patellar tendon tear 

tract considerably, and the incision to find joining graft to tendon do not have to play 
It may therefore ha%e to extend upward for through the groove 

some distance In longstanding cases where there has 

\\ hen end lo-end repair is impossible or been considerable retraction of the prox 
entails undue tension a free graft of tendon imal end in those cases in which con 
and piratenon may be emplojed between sideraWc roughening and irregularity of the 



TENBON AND MUSCLE RUPTURES 


1183 


groove exist, and frequently in those casw 
in which simple end-to-end suture presents 
any difficulties, it is simpler and more effec- 
tive to join the distal end of the tendon to 
the adj'acent radial extensors by the technic 
shown in Fig. 990, mth the thumb and wrist 
in extension. 

When suture or graft is done, the sheath 
should be closed after the tendon is re- 
placed in the groove, if possible, or the 
groove roofed over by a reflected flap of 
adj'acent periosteum or fascia. 

Avulsion of Extensor Tendon from 
Its Insertion into Distal Phalanx of Fin- 
ger (So-called Drop Finger or Mallet 
Finger). This is not very amenable to 
operative treatment in the late cases. If it 
is attempted, it should be done as a primary 
procedure, certainly within the first two or 
three weeks. It is not advisable as a sequel 
to unsuccessful conservative treatment at 
the end of eight or more weeks. [See Chap- 
ter 34 for conservative treatment.] The ap- 
proach is through an L incision, the trans- 
verse arm through the dorsal crease and the 
longitudinal arm distally along the side of 
the phalanx. The proximal end of the 
avulsed tendon, with its attached bone frag- 
ment if it has been avulsed, is drawn down 
to contact the base of the extended terminal 
phalanx, and, after roughening the surfaces 
to be apposed, is fastened by silk sutures 
passing through drill holes in the phalangeal 
cortex on either side j’ust distal to the joint. 
The skin is dosed, and the finger immo- 
bilized for four weeks in hyperextension of 
the distal phalanx and moderate fl^on 
of the middle interphalangeal j'oint (Fig. 

lots). 

In the early cases when an a^mlsed bone 
fragment is present, this offers good diance 
of success. When avulsion of the tendon 
without an attached bony fragment has oc- 
curred, it will more often than not be found 
impossible to get the frayed avulsed end to 
the desired point of attachment. The at- 
tempt to use fascial transplant or fasdal 
sutures is quite unsatisfactory. The opera- 


tion is therefore advisable only in early 
cases as a primary’ procedure when a frag- 
ment of bone has been avulsed with the 
tendon. 

Avulsion of Flexor Insertion into Dis- 
tal Phalanx of a Finger. This is occasion- 
ally seen. The problem here is different from 
that of the extensor insertion. Good soft- 
part covering is present, and the insertion 
is much less attenuated than in the case of 
extensor tendon. These should be repaired. 
The technic employing a Bunnell suture is 
demonstrated in Fig. 1016, 

Rupture of Quadriceps Femoris. If 
this is through the body of the muscle, 
within or including the sheath, the repair is 
done as described for rupture of a muscle 
belly earb'er in this chapter. Such tears are 
rare. The usual tear is through the supra- 
patellar portion of the tendon and its lateral 
expansions, and occasionally an avulsion 
from the patellar margin is encountered. In 
the former instance, repair is accomplished 
as Illustrated in Fig. 1017. When avulsion 
from the patella is encountered, fascia lata 
strips through drill holes in the patella are 
advisable (Fig. 1018). WTien the tear is old, 
and retraction of the muscle belly with scar 
inter^’eDing between it and the tendon 
stump is present, a repair utilizing peroneus 
longus tendon or fascial strips is employed 
after excision of the scar down to soxmd 
tendon ends. If retraction is marked, and 
attempted apposition of the ends fails to 
eliminate a considerable gap, an additional 
sheet of fasda lata may be added, with the 
external face of the fascia to the outer side 
(Bg. 1019). 

Rupture of Patellar Tendon. This usu- 
ally occurs by avulsion from the lower 
border of the patella, but may be the result 
of avulsion of the tibial tubercle or its epi- 
physis. The milder degrees of incomplete 
avulsion of the epiphysis constitute the 
more se^'ere grades of Osgood-Schlatter’s 
disease (see Chapter 18). Complete avul- 
sions of the tibial tubercle or its epiphysis 
require operative replacement and fixation 
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by a bone peg or a stainless-steel wire 
suture 

Fresh cases of avulsion of tendon from 
the inferior margin of the patella are best 
repaired by fascial strips through drill holes 
in the patella (Fig 1020) 

In old cases with upward retraction of 
the patella skeletal traction by Kirschner 
wire through the patella in order to stretch 
the muscle is indicated as a preliminary 
measure The wire is passed from side to 



Pic 1021 Repair of old patellar ten 
don tear with upward retraction of 
patella 


side through the patella in its upper portion 
as far anteriorly as possible m order to 
minimize the risk of entering the knee joint 
Four to eight pounds traction is applied 
for one or more weeks until the patella is 
pulled down as far as is possible Repair is 
then done through an anteromedian jnci 
ston An inch wide strip of fascia lata or a 
piece of peroncus longus tendon is utilized 
After scar tissue has been excised and the 
end of the patellar ligament freshened the 
strip of fascia lata is passed through a Irans 
verse drill hole m the lower pole of the 
patella the two ends are braided through 
the edges of the patellar ligament carried 
through a transverse drill hole in the tibial 
tubercle below and the ends sutured to the 
adjacent edges of the fascial strip The 
freshened lower edge of the patellar tendon 
IS fastened b> additional sutures to the tis 


sue remaining attached to the tibial tubercle 
(Fig 1021) If traction is not possible or 
IS ineffective the same procedure is used 
pulling the patella down as far as possible 
with the addition of a sheet of fasaa lata 
as described above for old ruptures of the 
quadriceps tendon 

The postoperative regime in both quadn 
ceps and patellar tendon repairs is the 
application of a posterior molded sphnt 
with the knee in extension for from three 
to four weeks with voluntary contraction 
exerase of the quadriceps in the splint in 
stiluted as soon as wound healing is assured 
At the end of that time the «phnt can be 
removed several times daily for circumspect 
active extension and flexion exercise The 
exerases are at first best earned out with 
the patient lying on the abdomen to elicit 
gravity aid in extension later with the pa 
tient on the side to eliminate gravity and 
ultimately with the patient supine exten 
sion then being against the force of gravity 
From the fourth week on walking with the 
posterior molded splint or with a knee brace 
may be practiced with crutches for the first 
two weeks or so and then with a cane or 
no support Brace or splint support can be 
discarded at 8 or 12 weeks and full function 
should be allowed m from six to nine 
months depending upon the severity of the 
tear and the adequacy of the repair 

Rupture of Gastrocnemius and Soleus 
Muscles Partial rupture of these muscles 
in the calf is what is commonly called riip 
lure or avulsion of the plantans tendon On 
sudden exertion as in tennis squash run 
ning or baseball a sudden sharp impact is 
felt in the calf as though from a blow from 
a ball or a bullet This is followed by severe 
pain swelling tenderness and ecchymosis 
and disability in walking or knee and foot 
extension The idea that the plantans ten 
don is avulsed in these cases is erroneous 

The condition is ver> rarely severe 
enough to require surgical repair of the 
rapture in the gastrocnemius or soleus If 
ever indicated the technic is that described 
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in Fig. 987. Consen-ative treatment consists 
of icepacks or iced applications if seen 
immediately, followed by strapping and 
pressure dressing. If seen late, heat and 
strapping and pressure dressing are indi- 
cated. In addition, the heel of the shoe on 
the affected side should be raised so as to 
keep the foot in plantar flexion in wei^t- 
bearing, with or without strapping to limit 
dorsiflexion at the ankle. Later, physical 
therapy and the raised heel suffice, until 
normal function is possible. A few weeks 
usually sees a return to normal function. 

In the more severe cases it may be nec- 
essarj’ to wear a posterior molded splint 
with the ankle in plantar flexion and the 
knee slightly flexed for from a few days 
to a week, in conjunction with physical 
therapy and intermittent exercise of ankle 
and ^ee within pain limits. 

Rupture of Tendo Achillis. Tiffs may 
occur through sudden sharp violence, or it 
may be seemingly spontaneous in the course 
of degenerative changes in the tendon (see 
Chapter 10). In the former case It may be 
transverse, in which it may be repaired by 
the technic described for rupture of the 
quadriceps tendon. Sometimes, however, the 
ends are badly frayed into strips. In these 
cases heavy silk or a fascial suture is used. 
It is woven through the lower fragment, 
wound about the frayed tendon ends, and 
then woven into the intact tendon above, 
and tied after approximately normal length 
has been restored. 

In old ruptures, in which separation of 
the tendon ends has occurred, the gap fills 
in with scar tissue. This leaves essentially 
a lengthened tendon, with a tendency to 
calcaneus and some calf weakness and limp. 
The procedure indicated is tendon shorten- 
ing to normal length. This is best accom- 
pUshed by the Z tenotomy method shown 
in Fig. 996. This can be done either by an 
anteroposterior or a side-to-side Z. Enough 
of each arm of the Z is removed to restore 
normal length and tension. 

In these operative repairs of the tendo 


achiUIs the approach is by an incision five 
or six inches long, placed just laterally to 
the tendon, and not directly over it. 

The postoperative treatment in these 
cases consists of a posterior molded splint 
or circular plaster to the knee with the foot 
in moderate equinus for three weeks, fol- 
lowed by ambulation in a check brace 
which prevents dorsifle.xion at the ankle for 
the next four to six weeks. 

In those cases where apparent spontane- 
ous rupture occurs due to preceding de- 
generath'e diange, it is necessary’ at opera- 
tion to excise the degenerated tendon. This 
may leave an amount inadequate for repair. 
It then becomes necessary’ to utilize fascia 
lata or fascia lata and peroneus tendon 
combined as in repairs of old and neglected 
ruptures of the quadriceps and patellar 
tendons. 

Occasionally a rupture of this tendon oc- 
curs in children. Immobilization in mod- 
erate flexion of the knee and in fairly 
marked plantar flexion of the foot for from 
four to six weeks will usually result satis- 
factorily. Dorsiflexion at the ankle should 
be restricted for another six to eight weeks 
by a check brace if the child is e.xceedingly 
active, or by a raised heel on the shoe of 
the affected side. 
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Skeletal Birth Injuries 
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It would seem scarcely necessary to em 
phasize the importance of the routine 
phj sical examination of the newborn child 
Yet arcumstances seem to favor either the 
primary omission of this important duty 
or its postponement and eventual omission 
The labor successfully terminated and such 
details as require immediate attention prop 
erly attended to, the medical attendant not 
unnaturally a\ails himself of the first pos 
sible opportunity for «ome much needed 
relaxation It is indeed regrettable that the 
mother, as a result of her keen scrutiny of 
her newborn child, has not infrequently 
been the first to detect and report the pres 
ence of some abnormality 
The specter of congenital deformity 
haunts the obstetriaan on all occasions 
Trauma to the child, inseparable from pro 
longed labors and operatiie deliveries, al 
most inevitably results in some degree of 
birth injury to bones or •soft parts that 
demands investigation and appraisal 
The presence of a brachial plexus birth 
injury , particularly in its lesser degree, may 
not be discovered until several days after 
birth while a fracture of the shaft of a long 
bone, or a dislocation of a cartilaginous 
epiphysis, will at times give surprisingly 
little evidence of its existence and so escape 
detection and suitable treatment unless par 
ticularly sought for 

Familiarity with the common conse 
quences of birth trauma will assist mate 


nally m determining the presence or ab 
sence of the more important forms of birth 
injury Skeletal injuries involve almost ex 
clusively the skull and the long bones of 
the upper and lower extremities Of first 
importance in the physical examination of 
the newborn child is a systematic mvesti 
gation of the skull, clavicles, humeri, and 
femora for possible fractures, and the 
humen and femora for displacement of one 
or more of their terminal epiphyses 
W ith regard to the long bones it is help 
ful to know that fractures of these bones, 
when they occur, are quite uniformly lim 
ited to the region of the center of the shaft 
and that fracture of the neck of the humerus 
or femur or supracondy lar fractures of these 
bones are very rare as birth injuries The 
bones of the forearm and lower leg seem to 
be immune to fracture as a birth injury, 
while the traumatic dislocation of a normal 
joint sometimes very closely simulated by 
the di'jplacement of a cartilaginous epi 
physis, has still to be conclusively demon 
strated as occurring in the newborn 

INTRA UTERINE FRACTURES 
The possible occurrence of fractures of 
the long bones of the child withm the uterus 
in the latter months of pregnancy seems 
alnays to have appealed to the imagma 
tion of the medical profession Were it 
otherwi<5e much of the evidence presented 
in support of such a supposition would re 
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ceive less ready acceptance. Reports of such 
injuries appearing from time to time are 
often based upon doubtful or unconvincing 
evidence and do not adhere too dosely to 
what is generally accepted as reality. 

It is difficult to imagine how suffident 
violence could be brought to bear upon a 
normal long bone of a child within the 
uterus to cause the fracture of that bone 
without at the same time rupturing the 
membranes, rupturing the uterus, and caus- 
ing the death of the mother from shock 
and hemorrhage. Convincing evidence of the 
existence of intra-uterine fractures should 
be available either before or after the birth 
of the child before the diagnosis can be 
accepted. An x-ray examination of the 
mother’s abdomen following an injury ad- 
judged sufficient to produce a fractuie of 
a long bone in an unborn child might read- 
ily reveal the fracture directly, or it might 
evidence itself as deformity resulting from 
such a fracture, or, if a sufficient interval 
had elapsed, by the presence of a callous 
mass such as would normally surround the 
point of fracture 

After the birth of the child a visible de- 
formity affecting an extremity might be 
discovered, due either to the angulation of 
bone fragments or to the presence of a 
callous mass, or both, and similar in all 
respects to the deformity that might result 
from a recent birth fracture. If the x-ray 
examination then reveals the presence of a 
fracture of a long bone, and if, furthermore, 
a callous mass is demonstrated as present, 
then the fracture might be accepted as a 
true inlta-uterine fiaclure in the usual 
meaning of the term, particularly so in the 
case of a normal and spontaneous delivery 
unassociated with such operative procedures 
as are the usual cause of birth fractures. 

Some degree of familiarity with a few of 
the common manifestations of conditions 
likely to present the basis for a mistaken 
diagnosis of intra-uterine fracture, particu- 
larly with the x-ray manifestations of these, 
will assist materially in preventing the 


hasty arrival at unwarranted conclusions. 
Some congenital deformities, chiefly of the 
deficiency variety, or amniotic bands or ad- 
hesions ma}', at times, be the true explana- 
tion of abnormalities present in the extrem- 
ities of the newborn although they are 
seemingly best explained by a preceding 
inira-utenne fracture. 

Again, dysosteogenesis in its various 
forms, as achondroplasia, may seriously af- 
fect bone development in general and ex- 
tensively distort all the long bones, as well 
as greatly impair their consistency. In these 
cases the irregularities of bone production 
are often so extreme as to cause difficulty in 
distinguishing between what might be ac- 
cepted as abnormal bone production or the 
development of a callous mass Here the 
trophic disturbance is the condition of pri- 
mary importance, the presence or absence 
of one or more pathologic fractures being 
decidedly secondary, whether intra-uterine 
or not Excluding pathologic fractures sec- 
ondary to diseases affecting the entire skele- 
tal system of the child, and fractures due 
to extreme violence resulting in the destruc- 
tion of both mother and child, intra-uterine 
fractures affecting normal long bones and 
due to direct violence received through the 
abdominal irall of the mother and without 
very considerable additional injury to either 
mother or child must be exceedingly rare, 
if indeed they ever occur. [See Chapter 3 
for congenital deformities of the lower ex- 
tremity w'hich might simulate fracture.— 
Ed.) 

THE SKULL 

In view of the liability to head injury to 
wtuch the child is commonly exposed during 
labor and delivery and of the frequency and 
occasional severity of these injuries, it 
would seem that Nature might have made 
a wiser selection if the breech rather than 
the vertex had been ordained as the usual 
presenting part in the mechanism of labor. 

The problem of determining with some 
degree of accuracy the extent and variety 
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of birth injury sustained by the badly bat 
tered head of the newborn child is not a 
particularly unconimon one Frequently the 
presence of excessne degrees of edema of 
the scalp or of the various vaneties of hema 
tomata most succesafully conceal the con 
dilion of the cal\ anum beneath ^s a result 
of prolonged labor or operative delivery the 
vault of the skull may undergo an asiomsh 
mg degree of molding without the pioduc 
lion of an actual fracture (Fig 1022) 
Familiarity with the consequences of difn 
cult labor upon the head of the child will 
beget both respect and admiration for the 
ability of the «kuU and soft parts covenng 
It to ab'orb the trauma incidental to birth 
and support the opinion that even appar 
ently alarming damage to these structures 
does not of necessity imply serious or irrep 
arable damage to the brain beneath Cer 
tainly as experience broadens, a policy of 
conservatism with regard to birth head m 
juries becomes increasingly tenable 

The great majority of birth fractures 
involving the bones of the vault of the skull 
will be found to conform to one of two 
distinctly di«similar types being either of 
the (1) indentation or of (2) the fissure 
variety The former is a trivial injury the 
latter is too often of serious import involv 
mg extensive injury to both bone and soft 
parts 

The indentation type of fracture (Figs 
1023 1024) re embles remarkably a dent m 
a derby hat or the indentation often seen 
m a pmgpong ball It might well be termed 
a pmgpong ball fracture of the skull both 
because of the appearance of the fracture 
Itself and because the consistency of the 
bone in which it occurs resembles thin cel 
luloid Practically limited to the parietal 
bone it IS presumably due to the impact of 
this bone upon the promontory of the 
sacrum It may occur in normal deliveries 
and may resemble a so-called greenstick 
ly^pe of fracture more clo<iely than do most 
fractures to which this term is commonly 
applied, m that the portion of the bone in 



Fig 1022 Intrapartum molding of 

head In the more prolonged and violent 
labors the fetal head is frequently excessively 
molded as ^hown m this x ray of a newborn 
child Such di_tortion of skull may cau*e 
considerable injury to meninges and brain 
without actual fracture of bone IMiile le^'er 
degrees of intracranial hemorrhage and 
edema of brain or even injury to bram 
ti sue itself may re~ult in such cases it is 
usual that apparently complete and «pon 
taneous recovery takes place under the u ual 
“imple palliative therapeutic measures 
Fig 1023 {Bottom) Birth indentation of 
vault of skull Lsually involving parietal 
bone and not necessarily associated with dif 
ficult operative deliveries it is rarely a o- 
oated with evidence of injury to structures 
withm skull 
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volved is partly bent and partly broken to 
permit the circumscribed inward displace- 
ment peculiar to this particular type of 
fracture. 

Such a fracture can occur only when a 
circumscribed area of convex surface of thin 
bone is transformed into a convexity m the 
opposite direction under the influence of 
direct pressure. 

It is characteristic of this injury that it 
is a purely local affair, present in an other- 
wise perfectly normal-appearing and -acting 
infant, there being no suggestion of injury 
to the structures within the skull. The prog- 
nosis is therefore excellent. In the absence 
of any contraindication, which is usually 
the case, the depression should be elevated. 
A small incision through the skin and peri- 
osteum is made across the injured area. 
A small hole is then bored m the bone near 
the bottom of the depression, and the bone 
elevated by means of a hook or periosteal 
elevator. The parietal bone is exceedingly 
thin in the newborn child, suggesting a thick 
parchment, and is readily and quickly 
drilled through. This done, the elevation of 
the indentation is easily accomplished. 

Birth fractures of the skull of the As- 
sure variety (Fig. 1Q2S) may occur in any 
one or more of the four large bones com* 
posing the vault of the skull, and are almost 
invariably the product of difhcult forceps 
deliveries. The consequences to the difld 
will be found to vary greatly. There may be 
but a single fissure with little involvement 
of the soft parts and little damage to the 
structures within the skull. In the more 
serious cases a cranial bone may be exten- 
sively crushed, the fracture resembling the 
comminuted variety, with depression of the 
fragments and encroachment upon the in- 
tracranial contents. Such fractures are quite 
regularly associated with extensive injury 
to the soft parts both within and without 
the skull, the direct result of the trauma 
plus the accompanying and extensive hemor- 
rhage. Even more than in similar cases in 
adults a policy of conservatism is advisable 


in the treatment of these birth injuries. In 
the less serious varieties the remarkable re- 
cuperative abilities of the child can be 
counted upon to accomplish much more to- 
ward recovery than w'ould seem possible 

In the more serious cases the shock asso- 
ciated with the injury, deepened by more 
or less associated hemorrhage, is usually 
sufficient to preclude the serious considera- 
tion of even the more conservative surgical 
measures. The more formidable attempts to 
deal with the fragmented bone or with an 
extensive epidural or subdural hemorrhage 
inevitably result in further shock to the 
patient and in additional bleeding, often 
difficult to control, with disastrous conse- 
quences. Watchful waiting and symptomatic 
treatment are indicated. 

THE SPINE 

It is not always remembered that the 
spinal column of the child may share in 
the birth injuries incidental to difficult or 
operative delivery. The lumbar spine is very 
rarely injured, apparently being structurally 
competent to support such stresses and 
strains as operative obstetrics may bring to 
bear upon it. (It is claimed by some that 
the pedicle defects resulting in spondylo- 
listhesis are the result of ununited birth 
fractures in the involved lumbar vertebrae 
( Hitchcock ) . — Ed . j 

The cervical spine, however, is not only 
more susceptible to injury but is frequently 
exposed to very considerable violence. When 
real difficulty is experienced in the delivery 
of the after-coming head, vigorous traction 
is of necessity applied to the shoulders of 
the child, with corresponding longitudinal 
tension upon the cervical spine, particularly 
upon its ligamentous structures. There is 
often combined with this a considerable 
degree of excessive extension of the child's 
neck as a part of the manipulation neces- 
to effect delivery. 

Under such conditions a rupture of one 
or more of the ligaments uniting the cervi- 
cal vertebrae is the injury most frequently 



Fio 1024 Birtli indentation of \auU of 
skull ^ raj appearance la that of a circum 
cribed depre ed fracture Extent to which 
thia depression maj take place li shown in 
this X raj and suggests po ibilitj that dam 
age to inn“r table of bone in\ohed maj be 
more exten ne than external appearance of 
injurj nould seem to implj This po ibihtj 
adds support to opinion faioring eleiation 
of these fractures as promplK as possible 
following their occurrence a simple procedure 
e\en in ab ence of all sj-mptoms that might 
be expected to be associated i\ith them 


Fig 1025 Fissure fractures of bones of 
\ault of skull in newborn particularh m 
their more extensise saneties are frequentlj 
a ociated nith extensile epidural and sub 
dural hemorrba<^es Such hemorrhages maj be 
cau e of extensile pre sure upon cerebral 
hemispheres and eiidences of cerebral injurj 
commonlj associated with birth fractures of 
skull of this n-pe 


Fig 1026 Birth fracture of claxicle rarelj 
fails of demon-tration in x rai when pre ent 
m newborn child There is alwaj"? a complete 
fracture of the bone near its center with 
dislocation of the fragments \ raj' findmgs 
\ap. but little from case to case 
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Fic. 1027 {Top, left) Ilirth fracture of sliaft of humerus Displacement of fragments is 
frequent in these cases, usually in form of external angular deformity Since diagnosis of this 
birth injury presents no difficulty when looked for, and it can be assumed that location of 
fracture is near center of shaft of bone, it is sometimes convenient to defer x-ray examination 
until tenth day, as in this case At this time callus surrounds point of fracture, favoring cor- 
rection of a deformity %\hen present just prior to fixation of fragments by reparative process 
A swathe dressing can then be applied, deformity being unlikely to recur when thus corrected, 
and arm fixed to side of chest wall until union is firm 

Tic 1028 {Top, right) Birth fracture of shaft of humerus, a simple and efficient method 
of treatment of which consists in a swathe of adhesive plaster passing about chest and holding 
injured arm snugly against lateral chest wall, providing a satisfactory if imperfect alignment of 
fragments, with sufficient immobilization A small gauze pad is placed m axilla of injured side 
Other arm and forearm of injured member are excluded from swathe, it being preferable not 
to confine hand, particularly fingers, within dressing Dressing is completed by means of a 
Velpeau bandage supporting affected extremity and shoulder girdle, this in turn being rein- 
forced with narrow encircling strips of adhesive plaster. 

Fic. 1029. {Bottom, left) Birth fracture of shaft of humerus. X-ray taken through adhesive 
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satisfactor) as the} are uimeces'ary 
The aid of the s ra} in the diagnosis or 
treatment of birth fractures of the long 
bones ma} be said to \ar\ in importance 
\nth the individual bone affected In the 
case of the clancle it is unnecessarj evcept 
at limes to confirm the diagnosis, in the 
case of the humerus it is of interest and 
instructn e, and in the case of the femur it 
is highl} desirable irhenever a\ailable 
The X ra} , when emplo} ed in the treat 
ment of birth fracture of the humerus, can 
best be brought m on the eighth or tenth 
da} At this time the position of the frag 
ments (Fig 1029) and the state of develop- 
ment of the callus can be observed to the 
greatest advantage If there is no angulation 
of the fragments, the dressing can be re 
newed for another week or ten da}S If an 
objectionable angular deformit} is present 
this can then be leadil} corrected, as the 
callous mass is still plasuc, and the dress 
mg then renewed The fracture can then be 
X rayed once more through the drc«Mng to 
see that satisfactory alignment has been 
«ecured and maintained If «o, union of the 
fragments can be expected to take place in 
the position noted, since the calious mass 
surrounding the fracture acts as a «phDt to 
prevent the recurrence of a deformity cor 
rected, and firm union can be counted upon 
to take place in a day or two, before the 
dressing has lost any of its effiaency 
If it should happen that firm umon has 


occurred with an excessive external angu 
lar deformity, it is entirely unnecessary to 
refracture and reset the humerus on this 
account A follow up of such malunited 
fractures of the humerus in the newborn 
has shown that these residual angular de 
formities can be uniformly counted upon to 
correct themselves During the first few 
months such angular deformities are trans 
formed into outward curvatures of the shaft 
of the bone (Fig 1030), and the-e, in turn, 
are eliminated within the first two years, 
the injured bone becoming indistinguishable 
from Its uninjured fellow of the opposite 
side The time required to bring this about 
varies with the degree of the deformity 

WTien the fracture of the humerus has 
been complicated by a brachial birth palsy 
of the same arm, the elimination of the 
residual deformity is retarded and may re- 
main incomplete in the more severe ca«€S 
of paralysis WTien the outward curvature of 
the bone tends to persist, indicating trophic 
disturbances in the bone, refracture of the 
bone may take place upon «1ight provoca 
tion 

THE FEMUR 

\Miile the least frequently fractured of 
the three long bones that may suffer birth 
fracture, the femur is at the same time, 
the most important as well as the largest 
(Fig 1031) The manipulation of the legs 
necessary m the more difficult breech ex 


planter wrathe dre—ing either at time of its uutial application to a fresh fracture or at a later 
period following correction of a dcfonnity by manipulation of arm usually shows fairly satis 
factory position of fragments Since u e of “pimts of one kind or another la difficult and un 
satisfactory m fractures of humerua in newborn and as gromng bone di-pIays such re- 
markable ability to eliminate even gro«s uncorrected deformities dunng first two years of life 
simphcitv of swathe method of treatment recoramenda its employment as adequate m the«e 
cases, even thoush it faiL to furnish an end to end reduction of fracture when fragments have 
been dislocated, as la u«ual 

Fig 1030 (SoWom, ngA/) Birth fracture of «haft of humerus WTien fragments hav e umted 
m a position of external angulation following birth fracture of humerus consequent angular 
deformitv «oon becomes transformed mto an outward curvature of 'jfaaft of bone This curvature 
may sometimes be extreme dunng first year of hfe, but is gradually eliminated dunng 'econd 
year, rarely being m anv way evndent beyond this lime in the uncomplicated fracture It will 
be noted that as time goes on curvature gradually assumes a position relatively lower down 
shaft of bone due to preponderance of grow^ at upper epiphy«eal Ime 
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Fig. 1031. Birth fracture of shaft of 
femur. Due to pull of strong flew mus- 
cles attached to upper fragment, these 
fractures are almost m\ariably associ- 
ated ^^lth complete separation of liag- 
ments, and an extreme degree of de- 
formity, usually of the antenor angular 
variety Unless suitable proxision Is 
made for this predomirunt deformity 
malunion mil result mth fragments of 
bone in a most unsatisfactory relation- 
ship to each other. 

tractions x\ill inevitably result in an occa- 
sional fracture of the shaft of this bone 
Again, in hooking up a leg as a first step 
in the extraction of the child from the 


uterus through the incision in its thick mus- 
cular v.all m the course of a cesarean sec- 
tion, the strain upon the femur sometimes 
becomes more than this bone can withstand, 
and a fracture occurs. 

The site of the fracture, as in the clavicle 
and humerus, is quite regularly m the re- 
gion of the center of the shaft of the bone. 
As a result of the conditions under which 
this fracture is ordinarily produced, and 
because of the pull of the strong flexor 
muscles attached to the upper fragment, 
marked displacement of the fragments is 
usual, the most common being an extreme 
anterior angulation The fracture rarely 
escapes prompt detection and treatment is 
usually begun early. This, obviously, should 
endeavor to fulfill all the more essential 
requirements. Not only must whatever de- 
formity present be adequately dealt with, 
but tbe usual care of the bladder and bowel 
must be faciluated, and convenient trans- 
portation of the patient and apparatus to 
tbe mother for scheduled nursings must be 
provided for. 

It is readily apparent that the treatment 
of birth fracture of the femur with the leg 
in extension is highly impractical, since all 
attempts to overcome the acute flexion of 

3‘- a'/t 



Fic. 1032 Birth fracture of shaft of femur Pattern for construc- 
tion of van Arsdale splint for its treatment Cut from «heet tin or 
sheet aluminum, it has been said to re^mbie two aces of spades 
placed point to point. The splint is prelerahiy somewhat modified 
from this general description, the part of <plint applied to infant’s 
trunk preferably being somewhat wider than that applied to thigh, 
while the part applied to thigh should be slightly longer than that 
applied to trunk. 
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tie thighs upon the abdomen natural in 
the newborn are per«ibtentl\ and vigor 
ou 1 } resisted and will result in produan<» 
or greatlj increa ing an angular deformiU 
Furthermore when the straightened leg la 
appo ed to the front of the trunk with the 
foot abo\e the corre ponding shoulder as 
m a frank breech prc'entation the Usual 
anterior angular deformitN is transformed 
into an equall\ etce^ i\e poatenor angula 
tion readil} demonstrated in the t ra\ b\ 
a lateral \iew For the e rea-sons a method 
of treatment that immobilizes the injured 
thigh m midpoaition that is at right angles 
to the bodj and b\ «o doing avoids the 
ettremes of fletion and eTiea.ion is clearlv 
indicated 

This plan of treatment can best be ac 
compli«hed b\ the u e of the van Ar«dale 
splmt (Figs 1032 1036) Cut from a piece 
of sheet tin or sheet aluminum with a pair 
of tin snips and fitted carefullj to each 
individual patient this <phnt can be 
counted upon to eliminate all angular de 
fonnities and to permit e^'^ential cleanli 
ness and such tran portation of the infant 
as ma> be nece ar> 

In the treatment of birth fracture of the 
femur the pnmar> and fundamental re 
quirement is the correction of the almost 
invanable anterior angular displacement of 
the fragments of the fractured bone These 
fragment should be placed in a position 
parallel with each other however much the> 
mav be 'eparated It is verv doubtful if 
end to-end apposition of the fragment® 
once lhe> have been displaced can ever be 
obtained or, if obtained, retained nor need 
this be considered as in anv waj necessary 
Overlapping or overriding of the fragments 
even when relativelv extreme and to a de 
gree not to be permitted m similar fractures 
10 later jears can be eotirelv disregarded 
Such shortemng of the bone as may result 
from union of the fragments m the presence 
of overriding can be depended upon to dis 
appear dunng earlj childhood this being 
compensated for bj such acceleration of the 



Fig 1033 {Top) Splint cut out of tin is 
folded to nght angle at center Part- to be 
applied to trunk and thigh are bent trans- 
verelj to fit individual patient and the two 
Stems are bent to hold mam arms at naht 
angle Stems are supported b> a piece of 
longue-depres-or of proper length placed 
beneath them and held bv adhesive Entire 
plmtis'urroundedbyadhe^iveplaster Sharp 
margins are protected bv adhe_iv e tape 
Fig 1034 {Bottom) ‘'phnt cut bj 
pattern ®uitabl> molded e< ential parts 
fixed m proper relation to each other and it. 
margins protected is completed fa> a lining 
of piano-felt, held by a ®tnp of adhesive 
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Fso 103S Bitlh fracture of shaft of 
femur — Van Arsdale splint applied to 
thigh of newborn child Thigh is flexed 
at right angle to trunk and abducted 
Splint IS held in position by means of a 
gauze bandage about trunk and about 
(high, these bandages being reinforced 
with narrow circular strips of adhesive 
plaster. Portion of splint applied to in- 
jured thigh is somewhat longer than 
thigh Itself, thus affording more satis- 
factory support to loner part of (high 
and knee This «plint provides suitable 
opportunity for application of diaper 
and for transportation of infant from 
place to place as may be necessary 
When in its cradle the baby’s foot and 
leg may be supported with a small pillow 
or cushion for the dual purpose o! the 
comfort that it provides and in order to 
fa\or circulation in lower part of ex- 
tremity. 


process of growth of the affected bone as 
may be required. 

Union of the fragments in cases of birth 
fractures of the femur is usually complete 
ID three weeks m the normal infant, and 
accomplished by means of an abundant pro- 
duction of healthy callus about the site of 
fracture. 

The collaboration of the x-ray is of great 
value in the treatment of birth fractures of 
the femur, not only to reveal the conditions 
to be dealt with in the fresh fracture, and 
the degree of success attained in the first 
reduction of the fracture and the applica- 
tion of the splint, but to afford assurance 
that a satisfactory alignment of the frag- 
ments is being maintained throughout the 
process of repair. 

It occasionally happens that union has 
been completed in these fractures vnth the 
fragments in a position of acute anterior 
angulation. Such cases, when followed with 
the x-ray, will show a gradual transforma- 
tion of the angular deformity into an an- 
terior curvature of the bone affecting that 
portion of the shaft originally containing 
the birth fracture (Fig 1037). It will also 
be noted that the site of this curvature will 
gradually come to occupy a position rela- 
tively higher up in the shaft of the bone 
due to the preponderance of the growth of 
the developing shaft of the femur at the 
inferior epiphyseal line. 

In contrast to the humerus, which quite 
uniformly shows a complete disappearance 
of residual deformities following birth frac- 
tures of this bone during the first tw’O years 
of life, deformities following birth fracture 
of the femur, due to failure to eliminate the 
original anterior angular deformity, while 
definitely diminishing, tend to persist to 
some extent throughout the entire period 
of growth This may be accounted for by 
the retarding effect of weight-bearing upon 
the injured bone, an influence coming into 
play very early, and continuing throughout 
childhood and after. 

In a case of birth fracture of the femur 
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that had healed with an acute antenor 
angular deformit> and was followed for 
more than 20 jears, the s rajs at the end 
of this period still re\ealed some thicken 
ing of the shaft of the bone in its upper 
part, some slight antenor curvature at Uus 
point, and some ‘flight shortening of the leg 
as a whole, due probably to the slight 
cur\ature of the shaft of the bone WTiile 
there was no functional disability of any 
sort whatsoever, there was sUU present in 


always been and to some extent still are, 
nustaken for other more familiar injuries 
that present a somewhat similar clinical ap- 
pearance Until the advent of the x ray there 
was no means available for differentiating 
clearly between a true dislocation and an 
epiphj-seal separation in the newborn or of 
definitely eliminating the possible presence 
of a fracture of the shaft of a long bone m 
close proximitj to a joint The information 
now contributed by the x ray amply sup 



Fio 1036 X ray of birth fracture of shaft of femur under treat 
ment by means of a \ an Arsdale sphnt It will be noted that long 
axes of fragments he m planes parallel with each other e\en 
though fragments are o\einding and con iderably separated This 
represents a satisfactory reduction for a birth fracture of femur 
smce when union takes place with fragments m thii position 
outcome can be depended upon to be a straight bone oon be 
coming mdistmguis^ble from its uninjured fellow of oppo iie side 


the followup xray distinct eMdence of a 
birth fracture that had occurred 20 years 
before, and perhaps considered at the tune 
a matter of little or no particular impor 
tance 

BIRTH SEPARATIO^S OF 
CARTILAGINOUS EPIPHYSES 
It IS probable that there have been sepa 
rations of the epiphj'es of certain of the 
long bones of the newborn child smce the 
time that operative obstetrics was first m 
troduced into the practice of medicine It 
IS probable, also that these separations have 


ports the opimon that the dislocation of 
articular surfaces of the long bones com 
posing the larger joints is a very rare, or 
possibly unknown birth injury, and indi 
cates as well that the not infrequent birth 
injuries hitherto bebeved to be true dis 
locations are almost invariably separations 
of the cartilaginous epiphyses 
That an epiphyseal line should be so de 
vi«ed as to part under the strain of opera 
tive deliverj m order to spare the ligaments 
composing an important adjacent joint 
fnigh t be accepted as a clear mamfestation of 
providential foresight By this arrangement 
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Fio 1037. Birth fracture of shaft of 
femur Fractures that have finally united 
in a position of anterior angular de- 
formity, as displayed in Fig. 1031, soon 
become transformed into an anterior 
curvature of shaft of bone Since pre- 
ponderance of gro^'Ch of femur takes 
place at lower epiphyseal line, this de- 
formity, which was originally near cen- 
ter of bone, gradually becomes higher 
and higher on shaft. Such deformities 
following birth fractures of femur, par- 
ticularly in their more extreme degrees, 
ordinarily persist throughout childhood 
and adolescence. 

the essential integrity of the larger joints 
is conserved, whatever the vicissitudes of 
childbirth, and the force brought to bear in 
the region of an important Joint is absorbed 
by the yielding of the epiphyseal-diaphyseal 


union rather than by the rupture of essen- 
tial ligaments which would lead to a dis- 
location of articular surfaces. While the 
actual birth dislocation of a larger joint, 
if unreduced, would almost certainly result 
in a permanently impaired joint, the ability 
of the end of the shaft of a long bone to 
reunite itself to its respective articulation- 
forming epiphysis assures a complete re- 
covery from an important birth injury with- 
out disability. 

When an epiphysis has been separated 
from the shaft of the bone to which it is 
normally attached, the consequences are in 
direct relationship to the type and degree 
of the violence causing the separation. The 
epiphysis may be merely detached but not 
displaced, the simplest form of epiphyseal 
separation. Or the epiphysis may be de- 
tached, temporarily displaced, and then re- 
gain approximately its normal position, 
either as a result of the handling of the 
limb m the course of the examination of 
the injury or of a formal attempt to reduce 
a recognized displacement. 

In the more severe injuries, the epiphysis 
is not only detached from its shaft but also 
completely and permanently displaced, un- 
less the nature of the injury ts understood 
and an immediate reduction of the displace- 
ment is successfully accomplished by ma- 
nipulation of the parts affected. 

The epiphyses that are commonly sus- 
ceptible to birth separation are those of the 
humerus (Figs 1038-1039) and femur. Such 
separations may occur under conditions 
similar to those causing fractures of the 
shafts of these bones. Fractures of the 
humerus and femur are produced when ex- 
cessive strain is brought to bear upon the 
centers of their shafts in the course of an 
operative delivery, while separations of 
their epiphyses may occur when similar 
strain is applied to the region of their 
extremities. 

The cartilaginous epiphyses of the full- 
term child are considerably more of an 
anatomic entity than is commonly appre- 
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ciated, occup>mg the clear areas seen m 
the ra> s between the extremities of the 
long bones which indicate the location of 
the joints WTien the ceparation of an epi 
ph>’sis occurs during the manipulation of 
an extremit} m the course of an operatue 
deln erj , some structure can usuallj be felt 
to snap or gi\e waj After the birth of the 
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an abnormal backward and forward mobil 
it> in the region of the elbow joint 
When a reparation of the loner femoral 
epiph>sis is suspected (Figs 1042 1043), a 
corresponding method of examination ap 
plied to the lower extremity will determine 
the presence or abrence of such an injury 
As a separation of the upper humeral 



Fio 1038 (Lc)t) Birth reparation of loner humeral epiphysi* 
WTuIe reparation of lower humeral epiph>ri$ probably the most 
frequent of such birth injuries it often goe& unrecognized \. ray 
exammation of an uijur^ elbow in a nenbom child may aSord 
immediate evadence of a separated lower humeral epiphysis With 
forearm dexed at a nght angle nith arm, rome backward dis 
placement of bones of forearm with reference to long axis of 
shaft of humerus may be noted above, while the clear area repre- 
«entmg the cartilagmous structures composing the elbow joint, 
may be narrowed down bringing bones of forearm clo'^er to 
lower end of shaft of humerus 

Fig 1039 (R/g/it) Birth separation of lower humeral epiphjsu. 
In addition to backward di placement of bones of forearm and 
narrowing of joint «pace usually «een in x ray made soon after 
birth m ca^es ol dislocation ol lower humeral epiphysis it some- 
times occurs that a <=niall portion of lower end of shaft of bone 
may be tom away and more or less displaced along wath car 
tilagmous epiphysis When this occurs the early and conclusive 
X ray diagnosis of this injury is greatly facilitated 


child swellmg is at once apparent in the 
region of the joint involved— elbow, knee, 
'shoulder, or tup 

The examination of an elbow pre«entmg 
a di2u«e swellmg due to a •separated lower 
humeral epiphy'sis will readily reveal the 
presence of abnormal mobility in the region 
of the elbow joint If the forearm is flexed 
to a nght angle with the arm, and the arm 
held firmly m one hand and the forearm m 
the other, the examiner can readily produce 


epiphysis usually occurs while dealing with 
the child s arms that have become extended 
tUiove its head in the course of a breech 
extraction, the force producing the injury 
acts in a posteco anterior direction Tht 
head of the bone remains in its normal 
position in the glenoid cavxty , and the upper 
end of the shaft of the bumerus, once it is 
tom loose at the epiphyseal line, is pro 
jectcd sharply forward, and «o a very con 
siderable prominence immediately appears 
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at the front of the shoulder joint. This 
rather startling and hard-feeling projection 
is often attributed to a dislocation of the 
shoulder, a diagnosis seemingly supported 
by the fact that manipulation of the shouU 
der joint results in prompt and complete 
disappearance of the swelling, accompanied 


is somewhat difficult to satisfactorily estab- 
lish. A considerable swelling is readily ob- 
served involving the upper part of the thigh 
and the region of the hip joint, and there 
is the usual pseudoparalysis of the extremity 
affected. While a false point of motion is 
present, this is situated too close to the hip 



Fio. 1040 {Left) Birth separation of lower humeral epiphysis 
Some injury to adjacent periosteum is a constant feature of birth 
dislocations of the cartilaginous epiphyses, and by eighth day new 
bone has begun to form beneath periosteum thus stripped away 
from posterior surface of shaft of humerus. New-bone formation 
thus stimulated varies directly as degree and severity of periosteal 
injury. 

Fio. 1041 {Right) Birth separation of lower humeral epiphysis. 
During first few weeks following birth dislocation of lower humeral 
epiphyses, neu-fotmed bone about lower part of shaft of humerus 
will be seen in x-ray to increase in density. When separation of 
epiphysis has been followed by a persisting displacement of this 
structure, as much as necessary of a new humeral shaft is de- 
veloped to connect once more this displaced epiphysis with shaft 
of bone to which it belongs and to eventually effect a complete 
anatomic restoration of entire bone which will show no evidence 
of birth injury in x-ray and become indistinguishable from its 
uninjured fellow of opposite side. 


by the sensation of having reduced a dis- 
location. 

The upper extremity of the femur is the 
least frequently affected of the four large 
epiphyses sometimes separated as a result 
of birth trauma. More resistant to injury 
than the other epiphyses and deeply situ- 
ated beneath groups of large muscles, it 
usually succeeds in surviving the stresses of 
even the more violent operative deliveries 

Even when a separation of the upper 
femoral epiphysis has occurred, a diagnosis 


joint itself to be helpful in arriving at an 
opinion as to the nature of the injury. The 
nature of the delivery, the operator’s im- 
pression that some structure had yielded 
dunng the manipulation of the legs and 
buttocks, together with the appearance of 
the affected parts following delivery and the 
x-ray information, will all combine under 
ordinary circumstances to support a fairly 
condusive diagnosis of separation of the 
superior femoral epiphysis. 

The x-ray examination can usually be 
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depended upon to confirm \Mthout question 
the presence of a birth separation of a car 
tilagmous epiphysis It will also assist in 
making known the extent of the displace 
ment of this epiph>sis when displacement 
has followed upon the separation, and will 
exclude the existence of a supracondylar 
fracture of the humerus or femur when the 


physis As the lower femoral epiphysis is 
usually displaced posteriorly when dislo- 
cated a lateral view will shou the nucleus 
within the epiph>sis more or less posterior 
to the long axis of the shaft of the bone 
In the case of the loner humeral epi 
physis no bone nucleus being present, some 
departure from normal can be made out in 



Fio 1042 {Left) Birth «eparaiion of lower femoral epipb>sis 
In birth reparation of lower femoral epiphysis location of 
epiphj’sis can be <atisf3ctoriIj determined in x ray becau'e of 
presence of ossification nucleus nitbm epiphjsis A departure 
from Its normal position beneath shaft of bone is readily ascer 
tamed m newborn by means of x ray of knee joint, anteroposterior 
and lateral In this lateral Men taken on tenth day epiph>si5 la 
thus shonn to be displaced both backward and upward Extent 
to which periosteum has been lorn away is aUo indicated by 
presence of new formed subperiosteal bone just beginning to 
make its appearance 

Fig 1043 {Right) Birth reparation of loner femoral epiphysia 
At two weeks new bone formation has progressed and by its 
extent anteriorly suggests lateral as well as posterior di'placement 
of epiphysis Contours and position of epiphysia itself are well 
indicated b> eMdence of two of its boundaries clear area between 
bone nucleus and beginning of new formed bone abo\ e and clear 
area between bone nucleus and shaft of bone anteriorl> repre«ent 
ing areas occupied by cartilaginoua portions of eptphy is located 
above and in front of nucleus 


inferior epiphysis of one of these bones is 
imolved, an injury often belicied to have 
occurred and not infrequently confured 
with an epiphyseal separation Both irame 
diate and late evidence of the separation 
may be obtained 

In the case of the lower femoral epi 
physis, the bone nucleus within the epiphy 
SIS is quite uniformly present in the full 
term child, and furnishes an immediate and 
reliable clue to the whereabouts of the epi 


the relationship of the shaft of the humerus 
to the bones of the forearm at an early 
X ray examination In a lateral view, with 
the forearm flexed to a right angle with the 
arm the articular notch of the ulna may be 
discovered to be posterior to its normal 
relationship with the long axis of the shaft 
of the humerus The clear space represent 
mg the cartilaginous articular structures 
will be seen to be reduced vertically, bnng 
ing the lower end of the shaft of the bu 
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merus into closer relationship with the 
bones of the forearm Furthermore, in the 
wrenching loose of the lower humeral epi- 
physis, one or more small particles of the 
inferior margin of the shaft of the bone are 
frequently torn away as well, thus pro- 
ducing a readily perceptible slightly ragged 



Fic 1044 Birth separation of lower 
femoral epiphysis As in birth disloca- 
tion of lower humeral epiphysis, such 
new'bone formation as may be necessary 
to reunite displaced epiphysis to shaft 
of its bone is developed beneath peri- 
osteum stripped up from lower part of 
shaft of femur While new bone is being 
laid down to assist in formation of a new 
femoral shaft, superfluous portions of 
original shaft are being simultaneously 
absorbed (Cf Fig 1041 ) 

appearance in the normally sharply defined 
inferior margin of the shaft of the bone 
With regard to the upper epiphysis of the 
humerus or femur, there may be evident in 
the anteroposterior x-ray, as immediate evi- 
dence of a separation of the epiphysis from 
the shaft of the bone, a fairly readily de- 
fined widening of the space between the 
upper end of the shaft and the bony sur- 
face with which the invisible head of the 
bone normallyarticulates, the glenoid cavity 


of the scapula or the lateral wall of the true 
pelvis. 

The deferred and additional x-ray evi- 



Fic 1045 Birth separation of lower 
femoral epiphysis When lower femoral 
epiphysis has been separated and dis- 
placed as a birth injury and repair has 
proceeded without replacement of af- 
fected part, an anterior curvature of 
lower part of shaft of femur develops, 
as shown in this x-ray at age of eight 
and one-half months, and which presents 
usual deformity of femur to be expected 
m cases of this injury under such con- 
ditions While anterior curvature de- 
veloping after malumon of birth frac- 
tures of shaft of femur comes to occupy 
upper part of shaft of bone, that result- 
ing from uncorrected displacement of 
lower femoral epiphysis occupies lower 
part of shaft, in each instance due to 
preponderance of growth of bone taking 
place at inferior epiphyseal line (Cf 
Fig 1037 ) Although curvatures some- 
times resulting from birth dislocations 
of lower femoral epiphysis, such as that 
presented herewith, may be counted 
upon to decrease considerably during 
childhood and adolescence, they are 
likely to persist to some extent into ma- 
turity, causing more or less inequality of 
legs, tilting of pelvis, and even slight 
curvature of spine 

dence of a birth separation of an epiphysis 
is afforded by the stripping up of the peri- 
osteum from some part of the adjacent shaft 
of the bone affected, the periosteum thus 
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disturbed reacting within the first week to 
ten days by a generous production of sub 
periosteal new formed bone Apparently the 
epiphyseal line gives way first upon the sur 
face primarily affected by the force pro 
ducing the injury, then, with continuation 
of the causatn e force, the epiphysis departs 
from its normal location carrying with it 
the periosteum attached to its opposite sur 
face, which is stripped from the shaft of 
the bone for a \ariable distance 
In the case of the superior epiphyses, the 
new bone produced under such conditions 
IS observed m the x rays surrounding the 
upper portion of the shaft in irregular 
fluff) appearing deposits while in the sepa 
ration of the inferior epiphyses there is 
usually noted a slender, wedge shaped de 
posit of subperiosteal bone occupying the 
posterior surface of the shaft of the affected 
bone to the same eittent that the periosteum 
has been tom away 

As the X ray manifestations of the birth 
separations of the epiphyses of the two most 
important long bones are peculiarly distinc 
tive and do not resemble other bone lesions 
m the newborn, they ate particularly \alu 
able from the standpoint of diagnosis in 
these injuries In the absence of a congenital 
specific infection and following an operative 
delivery, deposits of new bone appearing in 
the X rays after the end of the first week 
and situated in the region of the etfremities 
of these bones may be accepted as due to an 
epiphyseal reparation These deposits will 
vary greatly in amount, from no more than 
just sufficient to permit of a diagnosis, to 
profuse deposits extending along one half to 
two-thirds or more of the length of the •shaft 
of the injured bone 

The treatment of the separations of the 
epiphyses of the humerus and femur in the 
newborn consists principally in rest of the 
affected extremity When it can be deter 
mined that a displacement of the epiphysis 
has followed upon its separation, an attempt 
at the reduction of this displacement is in 
order This will apply particularly to the 



Fig 10-16 Birth separa 
tion of upper humeral epi 
physK While swelling about 
shoulder joint and a dan 
gling arm may suggest pres 
ence of separation of upper 
humeral epiphysis in new 
born child immediate con 
finnation of this diagnosis is 
not available by x ray ex 
amination Thia epiphysis 
contains no bone nucleus at 
birth, as does lower femoral 
epiphysis, and departures 
from anatomic relationships 
are difficult to determine in 
ihis region However, by 
eighth or tenth day appear 
ance of new formed bone be 
neath periosteum stripped 
away from upper part of 
shaft of humerus as a part of 
thi- injury is sufficiently 
characteristic at this time to 
establish a definite diagnosis 
of biTtb ^epaTation of fins 
epiphysis 
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lower femoral epiphysis, which is so satis- 
factorily visualized in the x-ray that the dis- 
placement can be readily demonstrated 
when it exists, and the result of the at- 
tempted reduction can also be definitely 


In the case of the superior epiphyses, 
where it is impossible to determine with 
any degree of accuracy the relationship of 
the shaft of the bone to the epiphysis from 
which it has been separated, rest of the in- 



F:g. 1047. (Left) Birth separation of upper humeral epiphysis. A con- 
siderable contribution was made to investigation of birth separations of 
cartilaginous epiphyses by case of an infant born by means of a difficult 
operative delivery, presenting all the clinical and x-ray manifestations 
of separation of upper humeral epiphysis during its brief existence and 
finally affording an opportunity for direct examination of injured bone 
following death at seventh week Photograph ol humeri obtained at 
autopsy in this case shows clearly the differences between injured and 
uttinjuted upper meemuies bones Lateral view o( injured borve shows 
abnormal thickening of upper third of shaft, which had been source of 
characteristic x-ray findings from first rveek on, while epiphysis itself is 
shown displaced anteriorly and somewhat rotated as well. 

Fig. 1048 (Rig/il) Birth separation of upper femoral epiphysis. Prob- 
ably least frequent of separations of cartilaginous epiphyses resulting 
from birth trauma, separation of upper femoral epiph 3 ^is may be identi- 
fied in x-ray by two distinguishing features Some eight or ten days fol- 
lowing operative delivery of child and in presence of considerable 
swelling about oneh'ip and a lower extremity upon that side displaying 
complete absence of voluntary motion, x-ray examination revealed pres- 
ence of new-formed bone about upper pari of shaft of femur characlei- 
istic of a birth separation of a cartilaginous epiphysis It can also usually 
be demonstrated that upper of shaft of femur is abnormally distant 
from lateral pelvic wall and acetabulum when compared with opposite 
and uninjured side. 


ascertained. The unreduced, widely dis- 
placed lower femoral epiphysis is likely to 
be the cause of certain permanent defonn- 
ities, which, howeter slight, are to be 
avoided whenever possible. This eventuality 
is not associated with the injury to the 
three other epiphy’ses. 


juced part for two weeks is all the treatment 
necessary The shoulder can be placed at 
rest by means of a Velpeau bandage, and 
the hip and knee can be satisfactorily held 
by means of a van Arsdale splint The sepa- 
ration of the lower humeral epiphysis can 
also be treated by the Velpeau bandage, 
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with the forearm m acute fleiuou, thus 
bringing the separated epiphysis forward 
A separated epiphysis in the newborn 
child can be depended upon to unite with 
the shaft of the bone to which it belongs m 
two weeks time Even when it is consider 
ably displaced, the deposits of new formed 
bone will immobdize the ditided structures 
quite promptly preparatory to a satisfactoiy 
growth restoration, the lower femoral epi 
physis excepted As in birth fractures of 
the humerus, residual defornuties resulting 
from epiphyseal separations of the ejtrem 
ities of the humerus can be depended upon 
to disappear during the first two years of 
life Weightbearing apparently has its in 
liuence upon deformiues following a birth 
separation of the inferior epiphysis of the 
tour with uncorrected displacement as it 
has in birth fractures of this bone 
As the preponderance of the growth of 
the femur takes place at the inferior epi 
physeal line and as this growth occurs from 
the epiphysis itself and not from the end 
of the shaft of the bone when separauon of 
uese structures has occurred, an epiphysis 
displaced backward will produce a deform 
*t> of the femur in the form of an anterior 
cun-ature This deformity, when consider 
able, will result m some shortening of the 
ieg affected throughout childhood, but 
diminishing as adolescence comes on In 
one patient followed for 16 years there was 
still evidence in the x rays of the birth dis 
placement of the lower epiphysis of the 
femur in the form of a slight persisting 
curvature of the lower part of the shaft of 
the bone, with sbght shortening of the af 
ected leg and with a corresponding slight 
tilting of the pelvis as a result of the in 
equality of the legs 

For this reason the birth separations of 
the lower femoral epiphysis second in fre 
quency to those of the lower humeral 
epiphysis, should be carefully looked for 
and investigated when, as a result of an 
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operative delivery, such an injury may have 
occurred and if displacement is found to 
have occurred a well directed effort should 
be made to return the injured epiphysis as 
nearly as possible to its normal location 



Fic 1049 Birth separation of upper 
femoral epiphysis Even before appear 
ance of characteristic shadows about 
upper part of shaft of femur x ray may 
confirm diagnosis of birth separation of 
upper femoral epiphysis by indicating 
clearly lateral displacement of shaft of 
bone Best established at this time in its 
lesser degrees by comparison with op- 
posite side, this displacement may at 
times be entirely apparent and obvious 
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Part I 

MEDICAL DEPARTMENT ORGANIZATION 


Militar> surgery may be defined as the 
adaptation of the mediane and surgeiy of 
civil life to the needs of a military orgamza 
tion m peace and m war the objectives 
being the physical selection of the armed 
forces the preservation of their health the 
care and treatment of their sick and in 
jured and the conversion of their casualties 
into replacements The Medical Depart 
ment of the Army is a technical admmislra 
tive and supply service and for the proper 
comprehension of the duties of a mihtarj 
surgeon a bnef description of the orgamza 
tion of the Department and of its relation to 
other arms and services will be useful 

TECHNICAL 

The techmcal division of the Aledical De 
partment is charged with the preservation 
of the health of the Armj This dulj in 
eludes not only the professional care of its 
sick and wounded m peace and m war but 
al o the performance of entrance physical 
esamjnations on all applicants for commis 
sions and on all enlisted and civilian per 
‘jonnel of the armed forces annual physical 
examinations of commissioned personnel 


frequent physical examinations of the en 
listed personnel and their re examination 
when they are separated from the service 
the institution of the necessary sanitary 
regulations immunization of the personnel 
against typhoid smallpox and tetanus and 
(m the case of troops m certain localities) 
against typhus cholera and yellow fever 
the prevention and control of communicable 
disease the instruction of the personnel in 
hygiene and first aid and the inspection of 
the food and water supply 

AD'NIIMSTRATION AND 
COMMAND 

The Medical Department of the Army 
includes such organizations as hospitals 
medical supply depots hospital trams 
medical training campa and medical bat 
talions and detachments In a maximum ef 
fort it may have under its command 25 per 
cent or more of the entire personnel m the 
theater of operations IS per cent repre 
senling the sick and wounded m the hos 
pital and 10 per cent or more being Med cal 
Department personnel charged with their 
care and otherwise attached to the force 
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Staff Duties. The senior medical officer 
in a camp or post or the senior officer at- 
tached to an organization or a field force 
is designated as “the surgeon ” In addition 
to his command duties in respect to Medical 
Department personnel he is also a member 
of the special staff of his commanding 
officer (line). As such, he advises the com- 
manding officer concerning the health of the 
command and the efficiency of attached 
medical units. He assists in the selection of 
camp sites He makes frequent sanitary and 
technical inspections of the command. He 
submits recommendations on matters of 
policy affecting the medical service, and he 
prepares such portions of the projects and 
plans as pertain thereto. He keeps himself 
constantly advised as to the combat plans 
of his commanding officer, so that he may 
develop his own plans of action in ample 
time and submit them for approval. As a 
staff officer, he has only technical and ad* 
visory supervision of Medical Department 
units attached to subordinate organiza- 
tions ; he exercises no command over them. 

SUPPLY 

The Medical Department is responsible 
for the procurement, storage, and issue of 
all medical supplies necessary for the pres- 
ervation of the health of the troops and the 
care and treatment of the sick and wounded. 
These duties include the procurement or 
construction and equipment of all hospitals, 
hospital trains, ambulances and other equip- 
ment used in the evacuation, treatment, and 
hospitalization of casualties. 

PERSONNEL 

The Medical Department is responsible 
for the procurement, training and assign- 
ment of the following classes of personnel : 

1. Commissioned: Medical Corps, Den- 
tal Corps, Veterinary Corps, Sanitary 
Corps, Medical Administrative Corps, 
Army Nurse Corps, Physical Therapist 
Corps, Hospital Dietician Corps, and Phar- 
macy Corps. 


2. Enlisted Medical, dental and veteri- 
nary services 

3. Civilian: Dieticians, physiotherapy 
aids, clerks, and others 

This personnel is dispersed in a field 
force by assignment to Medical Depart- 
ment units, attached to organizations, de- 
tailed as representatives, held as replace- 
ments, or detailed to civilian work or to 
work with relief societies. From tables of 
organization it is estimated that Medical 
Department personnel will constitute ap- 
proximately 12 per cent of the aggregate 
military personnel required for a major 
effort. 

The senior medical officer of a Medical 
Department unit is designated as the com- 
manding officer. The senior officer of a de- 
tachment assigned to an organization is 
designated as “the surgeon ’’ Other officers 
are assigned as assistants The dental officer 
practices his specialty and serves as a tech- 
nical assistant in supply The veterinary 
office Inspects food, cares for sick and 
wounded animals, is assigned to a veteri- 
nary installation, or commands a veterinary 
hospital, veterinary detachment, or other 
veterinary organization Sanitary officers, 
who are sanitary engineers in civil life, aid 
in the construction of installations and act 
as advisors in the various sanitary problems 
of the command Medical administrative 
corps officers, who have no professional 
training, are assigned as mess officers, ad- 
jutants, or assistants in supply , or perform 
similar duties. 

hlEDICAL SERVICE WITH AN 
INFANTRY DIVISION 

The medical service of an infantry regi- 
ment is the backbone of the medical service 
of the fighting troops A thorough under- 
standing of the tactical employment of 
medical troops requires a good working 
knowledge of the tactics of the line troops 
to which they are attached , this means that 
a medical officer with an army in the field 
must be trained in military affairs in order 
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properly to care for and evacuate the 
wounded soldier 

An mfantrj division is the smallest army 
unit which IS ■^eU-contained It has a 
strength, roughlj speaking of some 15,000 
officers and men There are no animaU For 


sions aggregates approximately 50,000 offi 
cers and men 

The infantry regiment (Fig 1052) forms 
the basis of the fighting and holding force 
of the division It is supported by artillery, 
avoation, and other mechanized units It 



Fig lOaO (Left) Infantrj division (square) diagrammatic organization Strength 
of this tj’pe division m orld \\ ar I was ^ome 22 000 officers and men All orgamza 
tion equipment is animal drawn number of animals almost equaling number of 
men m division National Guard and regular Armj units m insular possessions are 
still «o organized This tj’pe div’ision is «elf*contamed and therefore able to operate 
independent^ 

Fig 1051 (Right) Infantry division (tnangular) diagrammatic organuation War 
strength is approximately 11,500 officers and men and there are no animals in the 
division Troop, equipment and supplies are moved bj truck Artillen is motor drawn 
It Is «o organized that it maj be divided into three combat units — i e one regiment of 
mfantry, one battalion 75 mm guns supported by a section of 155 mm howitzers 
Divisional medical «upport is matenaDj reduced and becomes dependent upon corps 
medical regiment for support 


major operations two or more infantry divi 
sions (u'Uallj three) are attached to eadi 
armv corps Three armj corps plus corps 
and armv troops, make up a field armj, the 
total strength of which, not including gen 
eral headquarters reserv e units, is ap- 
proximatelv 230 000 officers and men The 
strength of a corps consistmg of three divi 


consists of a headquarters company, service 
companj cannon company antitank com 
paoj, and three battalions of four com 
panics each In each battalion are a head 
quarters company, three rifle companies, 
and a heavv weapons companj 
The regimental medical detachment of an 
mfantrj regiment (Fig 1053) consists of 
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one major (regimental surgeon), eight cai>- 
tains or lieutenants (three of whom will be 
designated as battalion surgeons), one den- 
tal surgeon, and 126 enlisted men. This 



Fio. 10S2. {Top) Infantry regiment, 
diagrammatic organization. Strength of 
new infantry regiment in both square 
and triangular divisions is same — ^ap- 
proximately 2,500 officers and men Fire 
power is increased by new semi-auto- 
matic rifle, although actual number of 
rifles has been decreased. Regiment is 
transported by truck from corps or array 
pool or proceeds by marching 

FtG. 1053. (Bottom) Diagrammatic 
representation of infantry medical de- 
tachment. Each medical detachment is 
commanded by a major, medical corps, 
the regimental surgeon, and is organized 
into a headquarters section and three 
battalion sections, as is the infantry regi- 
ment, and are so attached. 

detachment is commanded by the surgeon 
and administered as a company. For tacti- 
cal purposes it is organized into a head- 
quarters section and three battalion sec- 
tions. 

The surgeon is responsible for the health 


of the regiment, the retention of the physi- 
cally fit, and the collection and evacuation 
of the sick and wounded. 

Space does not permit detailed mention 
of the duties of detachments in camp, on 
the march, or on reconnaissance to obtain 
information concerning territory to be oc- 
cupied or to select sites for regimental and 



Fro. 1054. Medical regiment, dia- 
grammatic organization. This organiza- 
tion was developed after World War I 
One was assigned to each division, one 
to each corps, and one to each army. It 
replaced the “sanitary train” of World 
War I. It still forms a part of the square 
division and as a corps medical regi- 
ment supplements and supports the 
“triangular” division’s medical battal- 
ion It is motor-drawn throughout. A 
medical squadron, smaller organization, 
forms a part of each cavalry division. 

battalion aid stations preceding and during 
combat. Each problem is changed in attack, 
in defense, or when retrograde movements 
occur. 

The surgeon, with the headquarters com- 
pany, establishes the regimental aid station 
in the vicinity of regimental headquarters, 
choosing a site which is as sheltered as pos- 
sible and is protected from rifle fire Each 
battalion section follows Into action the 
infantry battalion to which it is attached 
and establishes a battalion aid station. 
Eight aid men leave the battalion and two 
accompany into action each particular in- 
fantry company to which they are attached. 
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The equipment of the regimental and bat 
talion aid stations consists chiefly of litters 
tpUnts blankets siitgi-cal dcessvngs 
and food It is earned on quarter ton trucks 
(jeeps) ivith quarter ton trailers Two 
jeeps are allotted to each battalion section 
and one to the regimental headquarters 
section The regimental headquarters is also 
allotted a ton truck which carries the 
baggage of the officers of the detachment 
and which is designated as the R and B 
truck During combat it is frequentlj nec 
essarj and comenient to mo\e aid station 
equipment bj hand 

Battalion surgeons make frequent reports 
of casualties to their commanders and to 
the regimental surgeon UTien an advance 
occurs the station is clo«ed the wounded 
remaining behind with proper attendants 
and the aid station squad advan<.es with its 
battalion Supplies are replenished b> the 
litter bearer section of the collecting bat 
talion 

Aside from the preservation of the morale 
of fighting troops by early medical atten 
tion to and prompt removal of the wounded 
the functions of the regimental detachment 
m combat are 

1 The location tagging sorting and 
"ieparation of the disabled from the able 

2 The collection of casualties at aid sta 
tions where emergenc> treatment is given 
and from which the physically fit are re 
turned to the front Gas casualties are 
segregated 

3 Examination of the dead and samtary 
supervusion of their disposal 

4 Preparations of records of the sick 
wounded and dead who have been seen or 
treated by the detachment 

The JIedicvi. Battalion 

The orgamzation of a medical battalion 
(Fig lOaS) consists of a headquarters and 
headquarters detachment three collecting 
companies and one clearing compan> The 
commanding officer of the medical battalion 
serves in a dual capacity (1) as the divi 


Sion surgeon in which role he is a member 
of the special staff of the commanding gen 
etal of ibe dvsvsvoo ba.wog leeboveal super 
vision of all Medical Department units in 
the division and (2) as commander of the 
medical battalion directing its activities 
through his executive or plans and training 
officer 

Medical battalions are aho assigned to 
the corps and the army Here they serve 
the troops m the corps and army areas or 



Fig 1055 Medical battalion dia 
grammatic organization A recently or 
gamzed medical department unit re* 
placvag medical tegvmeat m ftvaogulac 
division Its mission u to care for casual 
ties of this division for first 48 to 72 
hours unaided Its collecting company is 
50 orgamzed that it may be divided into 
three like < 5601100 $ 'o as to serve the 
three combat teams of the triangular 
division when operatmg independently 

assist the medical battalion of the division 
as ordered by the arm> or corps com 
manders 

The medical battalion is responsible for 
the evacuation of wounded from the bat 
talion and regimental aid stations to the 
clearing station which it operates and from 
which depending on their condition pa 
tients are sent to the field hospital located 
m close proximitj to the <5tation or to an 
evacuation hospital in the armj area 

The collecting company consists of a 
headquarters a litter bearer 'ection and a 
collecting station <5ection \ giv en companj 
evacuates casualties from the battalion and 
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regimental aid stations of the regiment 
which it is ordered to support. Patients are 
brought by hand litter or wheel litter from 


2nd Reciment 
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Fio. 1056. Diagrammatic representa- 
tion of employment of divisional and 
army medical department installation in 
evacuation of casualties in zone of ad- 
vance. 

Battalion-aid stations established 
by regimental medical detachment. 
Collecting station ] Units of 
Hospital station ^medical 
Ambulance company] r e g i - 
ment which complete divisional evacua- 
tion and perform this function in di- 
visional area. (Medical battalion per- 
forms a similar function in triangular 
division.") 

Surgical hospital (army unit) es- 
tablished in divisional area and operated 
by army medical department personnel 
Evacuation hospital (army unit) 
established by army in army area. 
Ambulance companies. Army or 
corps which evacuate casualties from 
surgical hospitals and hospital station to 
evacuation hospital. 


the aid stations to the collecting station, 
which has been established by the collect- 
ing-station section 1,000 to 2,000 yards 


behind the front line When possible, this 
station is sheltered from rifle and artillery 
fire and is located near water and near a 
good road going toward the rear It is sup- 
plied with tentage, mess facilities, splints, 
drugs, litters, blankets, and similar supplies 
in greater amount than at the battalion and 
regimental aid stations, but it has no beds. 

The ambulance platoons of the col- 
lecting COMPANIES, each of which has ten 
ambulances, evacuate wounded from the 
collecting station to the clearing station 
established by the clearing company. On 
return trifs to the clearing station each 
ambulance returns in kind such Medical 
Department equipment as blankets, litters, 
splints, and dressings which were used in 
the transportation of the last load of cas- 
ualties to the clearing station. 

The clearing company consists of two 
platoons, each provided with tentage suffi- 
cient to shelter about 100 patients A triage 
or sorting of casualties is now begun as 
the wounded are received from the front by 
ambulance or (if their wounds are slight) 
under their own power At a clearing sta- 
tion the following departments are estab- 
lished: 

1 Receivinc. Here the patients are ad- 
mitted, examined, recorded, classified, and 
distributed 

2. Surgery. Here only minor surgical 
measures are instituted— chiefly the control 
of hemorrhage and the adjustment or re- 
application of splints and dressings. 

3. Shock Patients in shock are immedi- 
ately put to bed, and correction of the 
condition is begun 

4. Gas. Departments or wards are estab- 
lished as necessary if establishment of a 
separate hospital is not required, and treat- 
ment is begun. 

5. Nontransportadle. All patients who 
because of the nature of their wounds 
would stand transportation poorly are 
placed in this department, if a field hos- 
pital has been established near by, how- 
ever, they are transferred to it immediately. 
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6 E\acuatto'i Department or Ward 
All patients not requiring further hospitali 
zation are at once returned to their orgam 
zations for dutj All patients fit for imme 
diate transportation farther to the rear are 
temporarily hou'^ed Patients originally ad 
mitted to surgical shock or other depart 
ments eventually arrive in this department 
if thej survive their injuries, and are fed 
housed, and otherwise cared for here until 
they are evacuated by the corps or armj 
ambulances to the evacuation hospital 
Field Hospitals Of great usefulness in 
the management of the seriously wounded 
in this war have been the field hospitals 
attached to the clearing stations Each field 
hospital IS composed of three platoons 
Each platoon, when reinforced by surgical 
teams is «o staffed and equipped that it can 
function as a highly mobile independent 
hospital unit By the placement of a platoon 
of a field hospital m close prosimilj to the 
divisional clearing station surgical care as 
far forward as is compatible with the per 
formance of surger> of acceptable standards 
IS provided for patients with serious wounds 
of the chest and abdomen who could not 
Withstand transportation In effect well 
equipped well staffed operating rooms are 
brought to the divisional areas and the risk 
of evacuating criticall} wounded patients 
to arm} areas several miles m the rear of 
the clearing stations is avoided Highly 
qualified surgical teams (thoracic, general 
surgerj, shock teams) are emploved to re 
inforce the personnel of such installations 
m the performance of the «peaalized sur- 
gery required for the e casualties 

Evacuation Hospitals 
Twelve evacuation hospitals, each with 
a capacitj of 400 beds, are allotted to eadi 
tj^ie army One ho pital is assigned to each 
division (old and three are held m 

reserve The^e hospitals are moved bj truck 
and are usuallj established "ome fiv e to ten 
miles from the battle front Tentage or ex 
isting buildings are used, and the location 


IS at a point at or near where roads leading 
from the battle front and roads or railroads 
lead to the rear 

At the evacuation hospital transportable 
casualties (m contrast to the nontransport- 
able casualties treated in the field hospitals) 
receive their first medical and surgical care 
Patients are checked in, their records are 
instituted, their clothing is removed, they 
are bathed when possible, and they are 
sorted The chiefs of the surgical and medi 
cal services examine all patients on admis 
Sion, classifjing them as to the severitj of 
their wounds and directing their disposition 
according to their condition The physically 
fit are sent to the adjacent convalescent 
(arm> ) hospital Slightly wounded, slightly 
sick, and venereal patients are sent to the 
dressing and examining station and thence 
to the convalescent hospital The seriously 
wounded are usually admitted first to the 
shock ward where if the> are in shock or 
in impending shock, the> are treated by the 
standard regimen for shock and then sent 
to surgery via the x ra> department All 
patients m this group eventuallj reach the 
operating room Roentgenologic or fluoro 
scopic examination is routinely performed 
on patients going to the operating room 
and the films are forwarded with the pa 
tient to the operating room or a written 
report is sent, accompanied bj a diagram 
showing such details as fractures and the 
numbers and location of foreign bodies 

As m the case of the field hospital 
platoon working in conjunction with a clear 
mg station the evacuation hospital may 
call on auxiliar> surgical groups to furnish 
additional teams to supplement its own staff 
in periods of intense activitj or when an 
unusually large number of cases requiring 
specialized surgical care is admitted to the 
hospital 

Patients are sent from surgery to the 
postoperative wards, where the} are treated 
until their condition is such that they may 
safel> be evacuated to a general hospital 
for further care The period of ho'pitaliza- 
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tion depends upon the military situation, 
the type of the patient’s injury, and avail- 
able transportation facilities. It varies from 
a few hours to several days. When the hos- 
pital load approaches its bed capacity, when 
there are sufficient patients physically fit 
for transportation to fill a hospital train, 
or when an offensive is in progress and new 
casualties are expected, the commanding 
officer advises the army surgeon and re- 
quests evacuation. 

Convalescent Hospitals (Army Unit) 

A convalescent hospital with a capacity 
of 3,000 patients is established in the neigh- 
borhood of the group of evacuation hos- 
pitals serving a given army. It receives 
slightly wounded and convalescent patients 
from the evacuation hospital, and it treats 
venereal patients. It thus relieves evacua- 
tion and other hospitals, lessens further 
transportation to the rear, and at the same 
time retains this group of patients under the 
army, to which, therefore, they can be re- 
turned to duty at the earliest practicable 
date. 

Hospital TsArNs 

Hospital trains in war time consist of 
16 cars and have a capacity of 360 patients 
each. Ten cars are ward cats, and six are 
used for train personnel, stores, supplies, 
mess, pharmacy, operating room, and simi- 
lar purposes. These trains are used in the 
communication zone to evacuate patients 
from the evacuation to the general hospital. 
They are administered under the surgeon of 
the field force. 

General Hospitals 

General hospitals, whose capacities are 
variously 1,000, 1,500, 2,000 or more beds, 
are located in the communication zone of 
the theater of operations, far to the rear 
in so far as hostilities are concerned, or in 
the Zone of the Interior if hostilities are 
occurring in home territory. WTien the situ- 
ation demands, three or more of these gen- 
eral hospitals may be grouped into a hos- 


pital center. When they are so grouped, 
given hospitals may specialize in particular 
types of cases (thoracic, neurosurgical, plas- 
tic, etc.), which will usually be found to be 
more satisfactory than having all cases 
handled indiscriminately in all hospitals 

The treatment at general hospitals is 
essentially reparative surgery (q.v.) and 
is directed toward returning the patient to 
duty as promptly as possible if his con- 
dition is such that this purpose can be 
achieved within the period of time set 
by the theater evacuation policy. Patients 
requiring longer periods for complete re- 
covery or requiring specialized types of 
reconstructive surgery are evacuated to gen- 
eral hospitals in the Zone of the Interior 
In this zone centers have been designated 
for such surgical specialties as thoracic 
surgery, plastic surgery, neurosurgery, am- 
putation, ophthalmologic surgery, and vas- 
cular surgery. Centers have also been 
created for the treatment and rehabilitation 
of blind and deaf casualties 

Medical-depot Company (Army Unit) 

One medical-depot company is assigned 
to each army It is moved only by rail or 
water, and It is usually located in the array 
area, just to the rear of, or otherwise ad- 
jacent to, the evacuation hospital. It must 
be accessible to motor trucks of the army 
medical installations, as well as to medical 
battalions of the army, corps, and divi- 
sions. It is so organized that it may be sub- 
divided into three platoons which may be 
established at different points in the army 
area. The supplies maintained in these 
depots are limited in character and amount 
to those essential to maintain combat effi- 
ciently for a period not to exceed three 
days Replenishments are received daily or 
as requited from medical depots in the 
communication zone. 

ORGANIZATION IN A FIELD 
FORCE 

A maximum military effort necessitates 
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that a force of approximate!} I 000 000 men 
will be mobilized and organized into four 
armies 

The theater of operations is the area oc 
cupied bj a military force at war Dunng 
U orld ar I it extended from base seaports 
in France to the Aleu'e Argonne In World 
War II the European Theater of Opera 
tions prior to the invasion of Normandy 
was contained in the British Isles Follow 
mg the invasion of France and the estab 
lishment of General Headquarters (G H Q ) 
in that country, the theater extended from 
the base •seaports to the long and circuitous 
front which continued to alter as the front 
was moved forward from France into Bel 
gium, the Netherlands Luxembourg and 
then on to German soil first west of and 
then east of the Rlime 

The theater of operations is subdivided 
into a combat zone and a communication 
zone The former is occupied b> the mill 
tar> forces in combat with the enemy and 
IS subdivided into arm> areas {Fig 1057) 
The communication zone extends from the 
ba«e port in an o\er«eas expedition up to 
the arm} areas forward In fact, the «ea, 
from the home port in the Zone of the 
Interior to the base port overseas forms 
a part of the commumcation zone The com 
munication zone contains the organizations 
of the «er\nce of suppl} to the armies for 
ward The commanding general of an ex 
peditionary force establishes a general head 
quarters m this zone, usually in an advance 
section just behind the combat zone The 
office of the surgeon of the field force is 
located at this general headquarters 

The organization in a field force is as 
follows 

1 The Chief Surgeon (four medical offi 
cers are detailed as liai<ion with the general 
staff <;ections, which are GHQ (G I) Per 
sonnel Sanitation, Red Cross, (G-2) In 
telligence, (G 3) Operation and Traimng 
Troop "Movements, (G*4) Hospitaliza 
tion) 

2 Deput} Chief Surgeon 


3 Professional consultants 

4 Chief Vetermarian 

5 Chief Dental Officers 

6 Other assistants as required 
Medical Department Concentration 

Centers Other medical units under con 
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Fig 1057— Army area Diagrammatic 
repre.entalion of a type army m combat 
showing Its organization and disposition 
of its a’^signed troops This is a geo 
graphic area which will be 10 to 20 miles 
in depth Its width will depend upon 
resistance met or expected and it may 
be flanked on either side by two other 
armies a mountain range or neutral 
boundary Its boundaries will be limited 
by orders and '^o mdicated on a military 
map In depth it comprL.es the zone of 
advance and immediately in its rear is 
the zone of communications the two 
zones being known as the theater of op 
erations 

trol of the Chief Surgeon are usually con 
centrated m and administered by the Medi 
cal Department Concentration Center in 
the communication zone The} consist of 
the following installations 

1 Medical Department Concentration 
Center 

2 Evacuation hospitals, staging or in 
reserve 
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3. Auxiliary service groups, or profes- 
sional service detachment. 

4. All Medical Department casuals and 
replacements, including officers, nurses, and 
enlisted men. 

5. All units after coming from the front 
that may be organized, equipped, and re- 
assigned, or are overhauled and refitted 
before further assignment. 

Medical Department Concentration Cen- 
ters and Professional Service Detachments 
are authorized at the rate of one per army. 
The teams which constitute them are em- 
ployed at hospitals in the combat or com- 
munication zone to augment their personnel 
as needed. They are especially selected for 
their professional ability and are so organ- 
ized that they can be sent fully equipped 
for work on short notice. There are in these 
groups: 

24 surgical teams 
6 orthopedic teams 
6 shock teams 
6 gas teams 
4 maxillofacial teams 
4 neurosurgical teams 
4 thoracic-surgery teams 

3 dental-prosthetic teams 

4 miscellaneous teams. 

The personnel of the teams is as follows: 

Surgical. I operator (surgeon), I assist- 
ant (surgeon), 1 anesthetist (preferably a 
medical officer), 1 nurse, 2 enlisted spe- 
cialists. 

Orthopedic. 1 officer (orthopedist), 1 
nurse, 2 enlisted specialists. 

Shock. 1 officer (medical), I nurse, Z 
enlisted specialists. 

Gas. 1 officer (medical), 2 nurses, 2 en- 
listed specialists. 

Maxillofacial. 1 neurosurgeon, 1 assist- 
ant (surgeon), 1 anesthetist (nurse), 1 
surgical assistant (nurse), 1 enlisted spe- 
cialist (dental mechanic), 1 enlisted spe- 
cialist (surgical technician). 

Neurosurgical. 1 neurosurgeon, 1 assist- 
ant (surgeon), I anesthetist, 1 nurse, 2 
enlisted specialists. 
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Thoracic. I thoracic surgeon, 1 assistant 
(a thoracic surgeon whenever possible), 1 
nurse, 2 enlisted specialists. 

Dental-pkosthetic. 1 prosthetist, 3 en- 
listed specialists. 

Miscellaneous All Medical - Depart- 
ment casuals and replacements, whether 
officers, nurses, or enlisted men. 

The Theater Surgeon 

The medical activities of a theater of 
operations are in command of a general 
officer selected by the commander of the 
field forces. The function of the forces in 
the communication zone, under orders from 
G.H.Q,, is to supply the armies in the com- 
bat zone. Food, ammunition, and supplies 
are procured, stored, and shipped forward 
by rail. Replacements are quartered, 
trained, equipped or refitted, and trans- 
ported. Sick and wounded are evacuated 
from evacuation hospitals to general hos- 
pitals which have been made available by 
construction or lease and which are 
equipped, staffed, and operated by the 
personnel assigned to this zone. 

The theater surgeon is responsible to the 
commMtding general of the theater for the 
care of all sick and wounded in his theater 
His office is organized on a functional basis 
into various sections as follows: 

1. Administrative 

2. Operations 

3. Hospitalization and evacuation 

a. Procurement, construction, and op- 
eration of all mobile and fixed hos- 
pitals 

4. Supply 

a. Statistics and requirements 

b. Procurement, storage, and distribu- 
tion 

c. Finance, accountancy, and disburs- 
ing 

5. Personnel (officers, nurses, enlisted 
personnel, civilian employees) 

6. Sanitation 

7. Vital statistics 

8. Professional consultants 



1223 


HOSPITAL BED REQUIREMENTS 


9 Dental 
10 Veterinarj 

SIedical Installations in Coir 
MtiNiCATioN Zone 

The medical installations in a communi 
cation zone consist of 

1 Hospital centers three or more gen 
eral hospitals 

2 General hospitals 1 000 1 500 or 

2 000 beds each 

3 Comalescent camps 1 000 beds each 
One camp is allotted to each hospital center 

4 Station hospitals 23 to 900 beds eadi 

5 General dispensaries as indicated 

6 Medical laboratories (general) for re 
search, sterilization of sera etc 

7 Medical laboratory 1 per arm> 

8 ^ etennary units general and stations 
hospitals and food inspection teams 

9 "Medical supplj depots 

10 Hospital trams 

Consultant Section 
Each theater surgeon has on his staff sur 
gical consultants m medicine and surgery 
who are assisted in turn by medical officers 
qualified m various ipeaalties The surgical 
specialties include anesthesia neurosurgery 
thoraac surgerj plastic surgery orthopedic 
surgerj etc 

The theater surgeon s consultants are re 
sponsible to him for the maintenance of the 
highest possible standards of professional 
care for the sick and wounded in the theater 
and to fulfill this purpo e thej obviously 
must be \erj Avell quabfied from both the 
admimstratu e and the professional stand 
point It IS their dut> not onlj to ai^rai*« 
and cnticallj e\ aluate the care afforded the 
wounded in the theater and to offer con 
structi\e suggestions thereon but al'O to 


utilize to the fullest advantage by proper 
organization and assignment the <=peaahzed 
personnel m the theater 

The importance of the work of these con 
sultants and their assistants in special 
theaters of operation cannot be overesti 
mated Moreover it is largely on the basis 
of careful study of their observations that 
policies are formulated in the Office of the 
Surgeon General for the care and e\acua 
tion of sick and wounded patients through 
out the Army 

HOSPITAL BED REQUIREMENTS 

Many factors enter into the consideration 
of hocpilal bed requirements including the 
distance from home territory the seventj 
of the fighting expected the climatic condi 
tions and the duration of hostilities Re 
quirements for a given theater of operations 
are expressed in terms of the total fixed 
beds believed to be required rather than 
the number of units On1> beds established 
in fixed hospital units designated to fumi«h 
definitive care are considered Beds in 
mobile evacuation and surgical hospitals 
or medical regiments are not included m 
these calculations 

The following figures are based on the 
experience of the Medical Department dur 
iDg the last half of 1944 m the European 
Theater of Operations 

Nonbattle Casualties The daily admis 
s on rate to hospital of seasoned troops and 
nonbattle casualties was 1 0 per 1 000 The 
average stay in hospital in this group would 
have been about 20 dajs under a 120-day 
evacuation policy The total average days 
mdudmg time spent in the Zone of the In 
tenor (Z I ) bj evacuated patients would 
be about 25 days Treatment beds required 
may therefore be estimated as follows 


Average Days tn Hospital Beds Required per 1 000 

Daily Admission Theater Theater 

Rate per 1 000 Theater and Z I Theater and Z I 

To ^ “20 2S ~ 20 25 



1224 


MILITARY SURGERY 


Allowing 20 per cent additional beds for 
dispersion, 2.4 per cent of theater strength 
might well be the required number of beds 
in the theater for nonbattle cases, and 3.0 
per cent in the theater and Z. I. 

For every 1,000 nonbattle cases admitted 
to hospital (in a theater operating under 
similar conditions) about 1 would die, 42 
would be invalided home, and 957 be re- 
turned to duty in the theater. 

Battle Casualties. During the last six 
months of 1944 in the European Theater 
the daily battle-casualty admission rale 
averaged about 0 6 per 1,000 men per day. 
The average duration of treatment in the 
theater under a 120-day evacuation policy 
would have been about 48 days as compared 
to about 94 days for total treatment re- 
quired in the theater and Z. I. Beds re- 
quired in the theater for these cases would 
thus be: 

0.6 X 48 = 28 8 per 1,000, 
and total beds in the theater and Z. 1. 
would be: 

06 X 94 = S6.4 per 1,000 
Allowing 20 per cent additional beds for 
dispersion would give bed requirements ol 
about 3 5 per cent of theater strength in the 
theater and about 6 8 per cent in the theater 
and Z. I. 

For every 1,000 battle-casualty cases ad- 
mitted to hospital about 30 would die, 230 
would be invalided home and the remainder, 
740, would be returned to duty in the 
theater. Of those returned to duty in the 
theater about 260 would be returned in the 
first 30 days and 275 within the following 
30 days. Cases invalided home, about 23 
per cent of the total, are permanent losses 
as military assets to the theater. 

Casualty Estimates 
Nonbattic Cases. In campaign with sea- 
soned troops, except in a particularly un- 
healthy area, the average daily rate of ad- 
mission for infantry-division cases requiring 
24 hours or more of treatment may average 
in the neighborhood of 3 per 1,000, or 0.3 


per cent of division strength Of this num- 
ber about two-thirds will require hospi- 
talization, while the remaining one-third 
may be treated in quarters, depending on 
climatic conditions, changes in the tactical 
situation, and other factors. Both the rate 
of admission and the proportion of cases 
requiring hospitalization will vary consider- 
ably. 

Battle Casualties. The rates experienced 
will vary widely, depending upon resistance 
met and upon whether offensive, defensive, 
or retrograde movements are employed 
During World War II the relative propor- 
tions of %vounds caused by high-explosive 
fragments and by bullets differed markedly 
for different types of combat In Europe 
about three-quarters of the wounds were 
caused by high-explosive fragments and 
about one-quarter by bullets. In the Leyte 
and Saipan invasions, on the other hand, 
about half the wounds were caused by 
bullets and half by high-explosive frag- 
ments. 

The daily percentage of battle casualties 
for a division in a se\ere engagement may 
run as high as 2 to i per cent ol strength 
The average daily rate experienced by in- 
fantry divisions in World War II during 
the entire European campaign (June 6, 
1944 to May 8, 1945) was slightly over 
0.2 per cent of strength 

The ratio of killed to wounded was about 
one to four, although the ratio differed be- 
tween theaters and for different types of 
operations. 

Excluding those killed in battle, approxi- 
mately one-half of all casualties are litter 
patients 

In estimating battle casualties in an 
army, an estimate based on the number of 
divisions actually engaged will usually be 
more accurate than one determined by using 
a rate for a corps or army, since the make-up 
of the corps and the army is much more 
subject to change with changes in the tac- 
tical situation than is that of a division. 

Included in the total casualties to be 
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cared for are tho'se of the enemy left on 
the field 

Transportation Requirements The 
transportation requirements for the 
wounded of a dnision of 15 000 hating a 
2 per cent casualt\ rate per daj maj be esti 
mated for that da\ as 



Per cent 

^ limber 

Dead 

20 

60 

■\rnbulant wounded 

40 

120 

Litter wounded 

40 

120 



300 


Of the 120 litter wounded perhaps 2 per 
cent or two ca«es would be nontrao'^port 
able bejond the surgical hospital leaving 
the number to be evacuated bj the armj 
from the division bj ambulance 
Litter patients 118 

Sitting patients 120 

Total 23l 

ARJI\ AND CORPS 
Each armv and each corps has its «ur 
geon who is on the «pea^ «taff of the 
general commanding and who is responsible 
for the supervision of the techmcal and 
supplv functions of all Medical Depart 
ment personnel and organizations serving 
therein The organization of "Medical De 
parttnent umts assigned to a tjpe armj is 
as follows 


1 ambulance companj 1 collecting com 
panj and 1 clearing compan\ for each of 
the component divisions of the corps and 
of the armv 

2 field hospitals for each 3 divisions 

1 evacuation hospital (400 beds) for each 
component division and 1 evacuation hos 
pital (TaO beds) for each 3 divisions 

I veterinary evacuation hospital for each 
cavalry division 

1 convalescent hospital (3 000 beds) for 
each t>'pe army 

I medical-depot companj for each tj^ie 
ann> 

I medical laboratory for each tvpe armj 

The office of the staff of the armj «ur 
geon is dmded into eight sections including 
administration operations hospitalization 
and evacuation supplv sanitation con 
sultant dental andvetennarj The admm 
istrative staff consists of an executive and 
planning officer with one as&istant a medi 
cal inspector a personnel officer with one 
assistant a liaison and intelligence officer 
an adjutant and a chief nur^e 

The corps surgeon of each army corps 
has similar functions within the corps His 
staff Is <!milar though much smaller and 
the Medical Department units m his charge 
are fewer than tho^e in charge of the army 
surgeon 


Part II 


PROFESSIONAL CARE OF THE WOUNDED 
By "Major Genolal Norman T Kirk 


The chief difference between imlitarj and 
civilian «urger\ a=ide from certain impor 
tant therapeutic modifications neces®arj as 
a matter of eipediencj is in the circum 
«tances under which therapj must be ap- 
plied The chief of these differences has to 
do with the wiaiiTiET in which the patient 
reaches the ho pital In aval life this is no 
problem at all The patient reaches the hos 
pital withm a «hort time after his mjurj or 
illneSs and is operated on without delay at 


the institution to which he is first taken 
The first principle of mihtarj surgerj on 
the other hand is that a disabled coldier 
must be got out of the wav of battle as 
promptlj as possible ^Mien once he lo«es 
his militarv usefulness his unit must ad 
Nance wvthonl hnn and he is not pecnntted 
to hold It back From his own standpoint 
this consideration is not as cold blooded as 
It might 'eem at first glance for the accu 
mulation of wounded men in forward areas 
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would militate against their own effective 
medical treatment For the sake of his own 
welfare, therefore, as well as for military 
reasons, the wounded soldier, however 
serious his wound, cannot receive any but 
strictly emergency treatment until he 
reaches a point at which his treatment will 
not interfere with military procedures and 
at which surgery can be properly performed. 

Another important difference between 
military and civilian practice, and one 
which dictates the modifications in thera- 
peutic methods already referred to, has to 
do with the observation of the patient. In 
civilian life the patient is observed after 
operation by the same team which ex- 
amined him before operation, decided upon 
the method of treatment to be employed, 
and then operated on him. In military 
practice continuous observation of the pa- 
tient by the same team is not possible in 
any of the forward echelons. The wounded 
man is seen by several different observers 
before he reaches the hospital, is operated 
on by another team, and may be cared for 
after operation by still another team. Cer- 
tain procedures which are standard and safe 
in civilian practice— notably primary su- 
ture of wounds following debridement— are 
not safe in military practice because of the 
lack of continuous observation of the pa- 
tient by the same surgical group 

The objectives of military medical care 
are twofold: the salvage of life and limb 
and other functional salvage, and the re- 
habilitation and prompt return to duty, 
within as short a time as possible, of as 
many soldiers as possible, in order that the 
effective fighting strength of the Army may 
be maintained. The restoration to useful- 
ness in civilian industry and society of those 
men who cannot be returned to useful mili- 
tary service is, from a strictly military 
standpoint, an incidental objective, though 
naturally it is pursued with equal earnest- 
ness. 

The organizational aspects of the care of 
the wounded have been considered else- 


where in this chapter and will be touched 
upon in the following discussion only in so 
far as is necessary to make clear the various 
steps in the medical care of a wounded sol- 
dier from the moment he receives his wound 
on the battlefield until he is submitted to 
reparative procedures in a general hospital 
well behind the forward area It should be 
emphasized, however, that the process of 
evacuating a wounded man from the battle- 
field to an installation in the rear is not to 
be regarded as an assembly line at each 
[joint of which he receives part of his treat- 
ment, but rather as a conveyance line along 
which his condition is repeatedly checked 
and at each point of which measures are 
applied to render him transportable farther 
to the rear. The various halts in the process 
of evacuation are not for organizational or 
mechanical reasons. They are to insure that 
the w'oiinded man is in suitable condition 
to continue his Journey to the rear, and to 
Improve his condition if it should not be 
immediately suitable 
As in all surgical states, the wounded 
man’s chances of survival and of functional 
salvage are increased in proportion to the 
speed with which he reaches the operating 
(able after he has sustained his injury, and 
also in proportion to the adequacy of first 
.lid and resuscitative measures applied to 
sustain him until that time Records of the 
Army Medical Department show that the 
time lapse between wounding and first aid 
tare at the end of World War II did not 
usually exceed ten minutes, while the time 
lapse between injury and emergency sur- 
gery at an evacuation hospital was usually 
well under ten hours 
The management of war wounds’ ^ may 
be divided into three phases : ( 1 ) initial sur- 
gery, which is concerned with the preserva- 
tion of life and limb and which includes 
resuscitative as well as emergency operative 
measures, <2) reparative surgery, which in- 
cludes surgical procedures in special fields 
and the secondary closure of wounds; (3) 
reconstructive surgery, which is essentially 
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plastic surgerj Initial and reparati\e sur 
gical procedures are performed in the hoa 
pital installations of a theater of operations 
Reconstructu e surgerj , with occasional ex 
ceptions IS performed in general ho'ipitals 
in the Zone of the Interior 

TREmiENT PRIOR TO ADMIS 
SION TO FIRST HOSPITAL 

The transportation of a nounded soldier 
from the battlefield to an eiacuation hos 
pital consists of the following steps 

1 First Aid on Battlefield During the 
acti\e phase of an engagement, combat 
troops, who ha\ e them«el\ es been in 
structed in the elementarj principles of first 
aid to be applied to themselves or (o their 
injured comrades, are accompanied into 
battle bj company aid men W ounded men 
are often scattered over a large area and 
must be sought on the battlefield if thev 
cannot remove them«elves from it WTien a 
casualtj IS summoned bj or found by a 
companj aid man, he is given morphine 
splints or tourniquets are applied as nece» 
«acv, the wound is covered with stcnle 
gauae to prevent further contamination, and 
a plasma transfusion is begun if he is m 
•shock or if the seriousness of the wound 
suggests that he is hkelj to go into shock 
Chemotherapj on the battlefield has been 
discontinued as of no value (See Qiap- 
ter 22 ) 

A tourniquet, once properlj applied, is 
not removed, it having been found that 
leav mg it m situ for penod& as long as eight 
hours IS not dangerous as was once thought 
\s a matter of fact, it has been found that 
the periodic release once practiced contrib- 
uted to the death rate, for the continued 
loss of small amounts of blood which oc 
curred each time the tourniquet was re 
leased might cau«e irreversible shock in a 
patient alreadj in shock as the result of 
a large loss of blood prior to its application 

The position of the wounded man is in 
dicated before the aid man leav es him, and 
he IS tagged with a card which shows his 


name and organization, the wound or illness 
causing the casualtj , the time and date and 
the treatment giv en 

2 Transportation to First Aid Sta 
tion Litter bearers who follow immedi 
atelv behind the company aid men remove 
casualties from the battlefield by hand or 
litters and direct the walking wounded to 
the aid station Patients in shock are trans 
ported with the foot of the litter raised 

3 Treatment at Battalion Aid Sta 
tion Treatment at this point is limited 
to absolutelj necessarj measures such as 
the control of hemorrhage, more adequate 
splinting of fractures, readjustment of 
dressings, additional shock iherapj includ 
mg additional plasma and resuscitativ e 
measures Slightlj wounded soldiers who 
need onlv minor treatment are cared for 
at the battalion aid station and are imme 
diatelj returned to their unit® 

A medical officer at this station deter 
mines priority of evacuation to the rear on 
the basis of available facilities in relation 
to the tjpe and seriou«ne«s of the wound 
and the patient s condition Similar priority 
of evacuation is determined at each of the 
successive points of transport to the rear 

4 Treatment at Collecting Station At 
this point the patient is again examined 
and additional emergencj measures includ 
ing plasma, are applied as indicated WTien 
sufficient casualties have be'^n collected to 
fill one or more ambulances the patients 
are evacuated to the clearing station 

5 Treatment at Clearing Station 
Here the wounded are carefully examined 
and sorted out (triage) into the following 
categones 

Patients in Actuac or Impent)inc 
Shock The®e are at once admitted to the 
shock section and are vigorou Ij treated 
before being evacuated further unless thej 
are immediatelj cent to the field hospital 
attached to the clearing station for resus 
atation and surgerj The therapy of shock 
indudes the administration of morphine as 
necessarj for pain, positional treatment 
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(elevation of the foot of the bed), provi- 
sions against the loss of body heat, and the 
transfusion of additional plasma or, if indi- 
cated, of \Yhole blood. 

Patients Endangered by Transporta- 
tion. Patients whose wounds are of such a 
character that further transportation with- 
out surgical attention would place them in 
jeopardy are admitted to a field hospital 
located in close proximity to the clearing 
station Here emergency surgery is per- 
formed, and they can be kept after opera- 
tion until their condition permits further 
movement to the rear. A particularly im- 
portant group of patients in this category 
are those with thoracic wounds which pro- 
duce marked alterations of cardiorespira- 
tory physiology and those with active 
hemorrhage within body cavities. These 
patients cannot be successfully treated for 
shock until their Injuries are treated sur- 
gically and until surgical therapy is supple- 
mented by massive transfusions of whole 
blood. The average stay in a field hospital 
is usually a week to ten days. 

Patients Endwcered by Delay. Pa- 
tients whose general condition is good but 
whose nounds are of such a character that 
any delay in surgical treatment might have 
serious consequences are also operated on 
in field hospitals. Abdominal injuries in 
which peritonitis might be expected com- 
prise a large number of the cases in this 
group 

All other patients are transportetl as 
promptly as possible to evacuation hos- 
pitals 

6. Treatment at Evacuation Hospital. 
Here the bulk of all initial surgery is done, 
including debridement of all soft-tissue 
wounds, application of plaster -of-paris 
casts, craniotomies, colostomies, amputa- 
tions, and other procedures which should 
not be deferred until the general hospital 
is reached. Depending upon the nature of 
their wounds, their condition, and military 
necessities, wounded men are kept in the 
rrac^aticQ hospital from a few hours to 


several days before being sent to the gen- 
eral hospitals behind the lines It is impor- 
tant that they should not be kept unneces- 
sarily long in such an installation, which 
otherwise would quickly become overloaded 
and would lose its function 
7. Treatment at General Hospital. 
Here the bulk of all reparative surgery is 
done, and elective procedures are under- 
taken, as in civilian life Soft-tissue wounds 
left open following debridement at forward 
installations are closed Fractures are re- 
duced, and skeletal traction or other meas- 
ures are substituted for plaster-of-paris 
casts. Peripheral nerve injuries are sutured 
after a sufficient period has elapsed for 
possible infection of the original wound to 
subside Colostomies created at foiw’ard in- 
stallations may be closed Decortication 
procedures for the management of infected 
or residual hemothorax are undertaken. In 
short, all but reconstructive procedures are 
carried out in the general hospital, in which 
the wounded soldier is kept until he is 
sufficiently recovered to become a military 
effective or until he is evacuated to the 
Zone of the Interior for reconstructise sur- 
gery or for separation from the service 

GENERAL MANAGEMENT OF 
BATTLE WOUNDS 

At the field and evacuation hospitals, as 
pointed out, the first phase of the definitive 
surgery of war wounds begins. The nature 
and seriousness of the wound are deter- 
mined. The patient’s general condition is 
reassessed Such additional resuscitative 
measures as may be necessary are instituted 
Fluoroscopic and roentgenologic examina- 
tion IS carried out as indicated Finally, the 
operative management of the wound is 
undertaken. 

It is well to emphasize at this point that 
resusdtative measures prior to operation, 
whether they be instituted at the field hos- 
pital or delayed until the evacuation hos- 
pital is reached, require the transfusion of 
whole blood. Except in burns and crush- 
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ing injuries in ^\hich ph<;ma alone is lost 
the shock observed in war wounds is due 
to the lo's of blood which mu«:t be replaced 
bj whole blood I'^eful as plasma is in pre 
paring a wounded man for transportation 
and supporting him until he reaches a hos 
pital installation it does not stabilize bun 
for operation The maintenance of a blood 
bank or the procurement of blood from 
other sources however desirable it might 
be is not practical forward of the field 
hospital located close to the clearing sta 
tion \Mien that point is reached however 
the use of plasma should be discontinued 
as a substitute for blood and transfusions 
of whole blood should be given It might be 
added that the transfusion of tjpe specific 
blood IS alwajs preferable to the use of 
type 0 blood particular!) if large amounts 
must be given under the«e circumstances 
the use of univ er«al donor blood is attended 
with considerable risk if the agglutinin titer 
IS at all high ith the use of low liter 
type 0 blood this danger is practicall) 
eliminated 

Debridement The first essential of the 
treatment of a war wound is its conversion 
by debridement into a clean wound De 
bridement means the removal of all devital 
ized and damaged tissue of all tissue 
e peciallj muscle m which the circulation 
IS impaired and of all loose fragments of 
bone and other foreign bodie« Certain 
criteria are es'ential for its proper perform 
ance a good light proper positioning 
adequate exposure secured b> inci ions of 
ample proportions preferabl) m the long 
axis of the extremitv placed with due re 
gard for muscle planes a careful unhurried 
technic the use of fine hemostats and Iiga 
tures and anatomic counterincisions for 
the removal of deep foreign bodies 
The performance of debridement up to 
this point IS no difterent in militarj prac 
lice from the s milar practice in avihan 
surgerv In civilian practice howev er frac 
tures could be reduced peripheral nerve 
injuries sutured, and the wound safely 


closed because the patient would be under 
continuous observation b> the same sur 
geon in the hospital in which he was oper 
ated on In military practice this condition 
cannot be met and the wound is therefore 
never sutured as a •safeguard against the 
po sible development of infection particu 
larlj anaerobic infection which cannot 
thrive m the presence of oxjgen The edges 
of the wound are covered Co their depths 
b> a single la> er of fine mesh gauze to pre 
vent their agglutination and to permit the 
escape of serum \ voluminous soft tissue 
dressing is then applied this minimizes 
the transudation of serum through the raw 
surfaces of the wound 

The last step in the initial management 
of a battle wound invoKang soft tissue is 
the immobilization of the parts hy the care 
ful application of well padded splints or 
plaster of pans casts Plaster of pans casts 
should alwavs be well padded and must be 
bivalved as soon as the> are applied 

Chemotherapy Abundant experience 
has emphasized that the safest method of 
preventing infection is b> properlj per 
formed debridement and non uture of the 
wound \o chemotherapeutic agent takes 
the place of good initial surgerj As has 
been rcpeatedlj pointed out * no agent ex 
ists which can sterilize dead devitalized 
or avascular tissue or prevent the septic 
decomposition of decontaminated blood 
clot Neither the local nor the sjstemic use 
of such agents prevents the development of 
wound infection and their use is now hm 
lied to two «.pecial objects to prevent local 
infection from becoming inva'^ive and to 
widen the scope of surgerj bejond pre 
\ious conceptions 

Delayed Primary Suture If the initial 
debndement has been properlj performed 
It IS usuallj po 'ible to clo«e the wound bj 
delajed suture bj about the fourth daj the 
tune of closure being determined by the 
gross appearance of the wound and not bv 
bactenologic studies A wound which looks 
dean can safely be dosed The presence of 
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pus, color changes, and edema of the vfound 
edges contraindicate closure until infection 
has cleared up or until devitalized dead tis- 
sue has been removed surgically. Infections 
which are not extensive can he cleared up 
within two or three days by the application 
of moist dressings, after which closure can 
be proceeded with as planned. As Church- 
illi has pointed out, in the Italian Theater 
of Operations more than 25,000 wounds 
were managed by employing these princi- 
ples without loss of limb or other serious 
consequences and with primary healing 
after closure in approximately 95 per cent 
of the cases. These results are of the greatest 
importance from the standpoint of military 
surgery because of the shortened period of 
hospitalization and military ineffectiveness 
which they imply. 

MANAGEMENT OF SPECIAL 
TYPES OF WOO'NDS 

The principles of the management of all 
types of war wounds are the same, regard- 
less of their location and type.* ® Certain 
types of wounds, however, including exten- 
sive injuries of the blood vessels, muscles, 
bones and joints, wounds of the chest, 
penetrating wounds of the abdomen, and 
craniocerebral injuries, require a more 
elaborate scheme of management*^ The 
table on page 1232 shows the distribution 
of wounds and the case fatality rate accord- 
ing to anatomic location in World War If. 

The preparation for operation of patients 
with serious injuries is extremely impor- 
tant, and for this purpose chemotherapy, 
particularly penicillin therapy, has proved 
of great value It is begun as promptly as 
possible and is maintained through the 
periods of both initial and reparative sur- 
gery until all risk of infection is past. This 
practice has made possible the performance 
of extensive surgical procedures which 
otherwise would have been entirely imprac- 
tical. 

The liberal use of whole blood supple- 
ments the use of chemotherapy in cases in 


which procedures of magnitude are contem- 
plated. Extensive reparative surgery places 
a heavy drain upon the vitality of the pa- 
tient, particularly if he has a secondary 
anemia from an initial heavy blood loss 
Secondary anemia, in addition, contributes 
to chronic infection and delays wound heal- 
ing. Transfusions of whole blood before, 
during, and after operation are frequently 
lifesaving. 

Other preoperative measures, such as 
parenteral fluid therapy, oxygen therapy, 
and constant intestinal decompression, are 
used as in civilian practice. 

Craniocerebral Injuries* * 

Because patients with head wounds do 
not tolerate transportation well immedi- 
ately after operation, they are given prior- 
ity in evacuation to held and evacuation 
hospitals where they can be adequately 
treated. It bas been demonstrated that the 
postponement of operation for 48 to 72 
bouts, if necessary, gives better end-results 
than attempts at earlier treatment under 
adverse circumstances 

The first principle of therapy is careful 
debridement of the scalp, with every at- 
tempt to conserve as much skin as possible. 
In compound fractures, loose bone frag- 
ments and accessible foreign bodies are re- 
moved, the bone defect being enlarged as 
necessary, though extensiv’e bone flaps are 
imdesirable. Suggestive evidence of the 
presence of an underlying clot demands 
opening of the dura and evacuation of the 
clot Penetration of the dura and damage to 
the brain tissue is treated by removal of the 
traumatized tissue by gentle irrigation and 
suction. Craniocerebral wounds are closed 
tightly or are closed around a small drain, 
but are never packed. Dural defects are 
repaired by Jiving grafts of fascia or peri- 
cranium Penicillin therapy is an integral 
part of all craniocerebral operations. Pa- 
tients with such injuries are carefully 
observed throughout their course from the 
neurologic standpoint. 
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Maxillofacial Wounds"-* 

The most important consideration in the 
emergenc> management of maxillofaaal 
wounds IS the conser\ation of tissue in 
order to facilitate sub'iequent reconstruc 
ti\e procedures In contradistinction to the 
general policy of lea\mg war wounds open 
the«e wounds are alwa\s closed if closure 
can be accomplished without undue ten 
Sion The regimen of treatment includes 
(1) reduction and fixation of fractures of 
the bony foundation structures (2) isola 
tion of the buccal cavity from wounds of 
the bone and superficial soft parts by suture 
of the mucous membrane (3) primary 
closure of the muscles and skin with pro 
\ision for adequate drainage (4) the ap- 
plication of moist pressure dressings 
Generally speaking wounds opening into 
the buccal or nasopharyngeal cavities and 
complicated by compound fractures are 
best handled by approximation of the soft 
parts by adhesive straps and bandages 
rather than by primary suture Trache 
otomy must be performed without delay if 
there is obstruction of the airway but the 
indications must be clear-cut because of the 
difficulties of caring for a patient with a 
tracheotomy in a long evacuation line 

Thoracic \^oukds ® 

The basis of the present management of 
thoracic injuries is a shift of emphasis from 
the treatment of pulmonary and pleural 
complications whici are always secondary 
to a better comprehension of pulmonary 
physiology and pathology Such wounds 
present two d stinct phases (1) disturb 
ances of cardiorespiratory physiology 
which develop immediately and must be 
handled in forward areas and (2) second 
ary complications most of which can be 
avoided by proper initial treatment The 
objective of all therapy is quick and com 
plete re-e.xpan«ion of the damaged lung 
Sucking wounds of the chest require im 
mediate closure which in the early part of 
orld 11 ar 11 was accomplished by unme 


diate suture without adequate debridement 
Tlie results were most unsatisfactory 
W ithin a Abort time patients developed 
tension pneumothorax which was some 
times fatal or their wounds became in 
fected and did not heal thus greatly 
increasing the difficulties of later manage 
ment and keeping them in the hospital for 
weeks and months The present procedure 
la to effect emergency closure by the appli 
cation of a fitted pad of gauze heavily 
coated with petroleum jelly and held in 
position m large wounds by a few sutures 
a pressure dressing is then applied These 
patients are given priority in evacuation 
to a hospital where wound debridement and 
surgical closure can be done with proper 
aseptic precautions 

Tension pneumothorax is treated by im 
mediate a«piration or by release of air 
through a needle inserted into the chest 
Special provisions are made to obviate its 
recurrence during transportation usually 
by the use of a flutter valve fitted to a 
needle or small catheter in'erted into the 
pleural cavity Localized suppuration fol 
lowing injury is treated by adequate de 
pendent closed drainage Extensive collapse 
of the lung as the result of total empyema 
IS treated by surgical decortication which 
IS al'o used in massive organizing hemo 
thorax after evacuation of the dot Local 
and systemic penicillin therapy is an indis 
pensable adjunct to the management of all 
thoracic injuries and their complications 

By the u^e of these principles both the 
madence and the gravity of posltraumatic 
empyema and of other complications of 
thoracic injuries have been greatly reduced 
and soldiers who under former methods of 
management would have been hospitalized 
for months and often would have developed 
intractable sequelae are now being returned 
to duty within a few weeks 

Abdominal W ounds^ 5 

Abdominal wounds although they com 
pnse a relatively small number of all war 
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wounds, contribute most heavily to the gen- 
eral mortality rate (see accompaDjnng 
table), chiefly because of shock, hemor- 
rhage, and peritonitis, the last of which 
develops rapidly in the absence of prompt 
initial treatment Patients with such in- 
juries are frequently treated at field hos- 
pitals and are given priority to evacuation 
hospitals, where adequate facilities exist for 
treatment and where relatively prolonged 
hospitalization is possible. 

General surgical principles are followed 
in the management of abdominal wounds. 
Almost without exception they are ex- 
plored, for the obvious reason that other- 
wise it is not possible to determine whether 
or not internal injuries are present. Special 
emphasis is placed uporv the procedure of 
exteriorization in injuries of the large 
bowel ; the damaged segment of intestine 
is simply and e.xpeditiously exteriorized by 
drawing it through a separate incision, pref- 
erably in tbe flank. Other injuries are 
treated according to the indications of tbe 
special case. Intensive postoperative ther- 
apy, including penicillin, transfusions of 
whole blood, constant intestinal decompres- 
sion, and ox>'gen therapy have contributed 
greatly to reduction of the mortality by 
preventing the development of peritonitis 
and by tesening its gravity when it does 
occur. 

WOUKDS OF EXTREMITITS'-* 

As in all wars, wounds of the extremities 
compn-ed the largest group of injuries in 
World Wat II. Moreover, although deaths 
from this cause comprised a relatively small 
proportion of the total deaths, the percent- 
age of partial or total disability is unfortu- 
nately high. Wounds affecting only the soft 
tissues are treated by the principles de- 
scribed for tbe management of such 
wounds, with generally good results. But 
injuries to tbe major blood vessels may 
produce lo«s of life as well as of limb, and 
injuries to the bones and joints and to the 
nerves cause many serious disabilities and 


require protracted hospitalization Finally, 
the highly devastating weapons used, espe- 
cially land mines, resulted in extremely de- 
structive and shattering injuries of tbe 


Anatopitc DtstribiUton of War Wounds, 
with Mortality 


Anatomic 

Percentage 

Deaths per 100 
Injuries Re- 
quiring Time 

Location 

Distribution 

Off from Duty 

Head 

103 

90 

Face 

8.0 

I.O 

Xeck 

2.1 

6.0 

Upper extremity 
(total) 

26 S 

1.0 

Bones only 

7.3 

20 

Thorax 

86 

80 

Abdomen (total) 

7 7 

200 

Visceral injuries 
only 

2.0 

300 

Pelvis 

0.8 

8.0 

Spinal cord 

1 1 

12.0 

Lower extremity 
(total) 

34.1 

3.0 

Bones only 

65 

5.0 

General and 
unspeafied 

0.8 

17.0 

Total all cases 

1000 

5.0 


extremities and have left no therapeutic 
choice but prompt amputation in a large 
number of cases. 

Injuries of Bones and Joints. The 
closed plaster technic, which represented 
a great advance over formtr methods of 
treating war wounds of the bones and 
joints, is no longer emploj ed, having been 
displaced by improvements developed 
through recent experiences 

The pathologic changes which occur in 
compound fractures, as well as the asso- 
ciated sjTnptoms and signs, determine tbe 
nature of immediate methods of relief. 
Immediately after injurj’ there is a tempo- 
rarj' phase of parali’sis. the limb feels 
numb and there is usually little or no pain. 
Soon afterward the irritative phase ensues 
and the muscles go into spasm, their con- 
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tractions drmng the jagged ends of the 
bone into the <=oft tissues and causing addi 
tional damage, often to the maior ves*!els 
and nerves of the extremity Pam, which 
'ets in as the irritative stage comes on is 
increasmglj severe and contributes to the 
progression of the initial shock Further 
trauma and contamination are inevitable if 
the patient is moved before the limb is 
immobilized 

The responsibilitj of medical units oper 
ating in forward echelons is to control 
hemorrhage, treat shock, applj occlusive 
dressings, splint the injured limb and 
evacuate the patient as pamles^slj and 
swiftly as possible to a ho'^pital at which 
he can be treated 

IMien patients with compound fractures 
are first seen, the obviouslj sound dictum 
“Splint them where the> lie is at once 
put into practice, as follows 
SHOimoER Joint, Clavicle, Scapula A 
triangular bandage supports the forearm 
and arm and holds them to the side of the 
body 

HuiTERus, Elbow, Fore-vem An arm 
sling is Used and the whole arm is then 
bandaged to the side of the bod> with a 
triangular bandage (Fig 1058) When plas 
ter becomes available at an m=talIation 
farther to the rear, an appropriate padded 
cast may be applied, but it must be split 
before the patient is evacuated 
Forearw, Urist Ha>d Ma-^sivelj 
padded basswood boards are applied to the 
injured parts bv adhesive strips or bj gauze 
bandages, which are tied around the "iplints 
at three or four different levels as one 
would tie a bundle of sticks 
Spine The patient is not moved until a 
litter is available He is placed on it in the 
supine position, with supports under the 
fracture is lifted with the greatest 
care, to prevent flexion of the «pine, is fixed 
in the position in which he is placed, and 
is not again moved until he reaches the 
evacuation or general ho'pital 
Pllvis The pelvac bones are immobilized 



Fro 1058 Hinged traction arm splint 
for injuries to shoulder joint shaft of humeru« 
elbow jomt and upper third of forearm 
Method of application to upper extremity by 
two men A making traction while B 
carries out the following steps Determines 
site of fracture Removes clothing over shoul 
der Applies occlusive dressing if fracture is 
compound Appbes strips of adhesive to dorsal 
and volar surfaces of arm from fracture point 
or above down to wnst at which level adhe- 
sive IS doubled back on it'elf so that it will 
not adhere to hand Fastens 'hort pieces of 
light braided cotton rope to lower end of each 
adhesive strap Paa'Ca ring of traction splint 
around arm until ring re'^ts against chest wall 
and “boulder girdle Ties ropes from adhesive 
traction straps to ends of splint Increases 
traction between ropes with “mall piece of 
wood by Spanish wmdla's prmciple while ‘ A ’ 
passes similar piece of wood between adhesive 
Straps below fingertips to prevent torsion of 
adhesive on hand Yith ‘As help “ecures 
arm and forearm to side bars of “pUnt, using 
three or more triangular bandages Note that 
hitch about wnst to obtam traction is pro- 
hibited (Courtesj Medical Field Manual 
8 SO, United States Gov emment Pnntmg 
Office ) 
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by a wide swathe of whatever material is tion on the foot (Fig 1059). A hinged half- 
available, and the thighs and legs are fas- ring Keller army splint is slid under the leg 
tened together with bandages. Once the from the side, and the ring is placed against 
patient is placed on a litter he is not moved the tuberosity of the ischium and fixed in 



Fig. 1059. Equipment and method of application of traction 
fixation splints to major fractures of lower extremity using 
army (Keller) hinged half-ring splmt. (a) and (a') Inter- 
changeable splint support and footrest; (b) litter bar. 

Equipment: Army hinged half-ring splmt. Adjustable trac- 
tion strap Splint rest and foot support — 2. Litter bar. Tri- 
angular muslin bandages — 5 This equipment is included in 
battalion, regimental, and medical regiment supplies Each and 
every ambulance transporting patients and answering emer- 
gency calls should at all times carry this equipment, and both 
ambulance driver and orderly should be trained in its applica- 
tion. 

Method of Application. Two men, “A” and "B,” work 
together in application of traction fixation splints for trans- 
portation, carrying out following procedures 

1, “A” grasps and makes traction on foot of patientj while 
"B" applies traction strap or ankle hitch over shoe 

2 While traction is continued by “A,” if fracture is com- 
pound “B” cuts away clothing about wound and applies an 
occlusive dressing. 

3. While traction is continued by “A,” “B” adjusts army 
hinged half-ring splint (right or left), locking half-ring at a 
right angle to bars of splint, slides splint in under leg, and 
secures ring against tuberosity of ischium, tightening anterior 
strap to hold it there 

4 “B” secures traction strap to end of splint and increases 
traction by Spanish windlass method. “A” lets go his traction 
on foot. 

5. “A” attaches splint support to splint, elevating it from the 
ground, and assists “B” in securing extremity to side bars of 
splint, using four or more triangular muslm bandages. 

6. “A” attaches fool support to splmt and ties foot in posi- 
tion against it, using a triangular bandage 

7 “A” and “B” place patient on litter and lock splint sup- 
port in groove of litter bar. 


again until he reaches a semipermanent or 
permanent installation. 

Femur, Knee Joint, Shaft of Tibia. A 
traction strap is applied over the shoe by 
one corpsman, while another makes irac- 


this position by the tightening of the strap 
across the front of the thigh The ring 
should be at a right angle to the long axis 
of the splmt. The traction strap is secured 
to the splint with as much tension as pos- 
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sible, and the tension is increased by one 
corpsman, on the principle of the Spanish 
windlass, while another supports the ex- 
tremity. The extremitj is then supported in 
ana fixed to the side bars of the splint by 
five or more triangular bandages To pre 
vent rotation and fix the ankle the splint 
rest is attached before attachment of the 
foot support to which the foot has been 
secured ^\Tien the patient is placed on a 
litter, the splint support is fastened to the 
litter bar, and the patient is not disturbed 


moved to a general hospital Here further 
surgical rev ision of the wound is performed 
as indicated, and anatomic reduction of the 
fracture is undertaken Simple casts, skele 
tal traction, the Balkan frame, and the 
KeDer half ring leg splint with Pierson at- 
tachment are most often employed, but 
internal fixation or other methods are used 
on the proper indications Wounds are 
closed by suture, and if drainage is neces- 
sary It IS achieved by a dependent Stab 
wound The after treatment of fractures 



Fig 1060 Diagrammatic iiiusiraiion of an accepted method of properly blankelng 
patients for transportation A battle casualty when once properly dressed, splinted, and 
blanketed at battalion aid station is not removed from his litter until evacuation hospital 
la reached 


again until the evacuation hospital is 
reached 

Ankle, Foot After removal of the shoe 
and sock a right angle splint (Fig 1061) 
IS applied This is made from one or more 
pieces of ladder wire padded with shell 
wound dressings So far as is possible the 
foot IS maintained at a right angle to the 
leg 

The splints applied in the forward areas 
are examined at each halt in the evacuation 
line and are readjusted as necessary At the 
field or evacuation hospital surgical de 
bndement of wounds is performed and 
more adequate plaster-of pans transporta 
tion «phnts are applied The patient is then 


does not differ from the practices employed 
iti civilian surgery 

In joint injuries wounds of the soft parts 
are debrided, and damage to bone and car- 
tilage IS assessed through incisions large 
enough to provide good exposure Open 
arthrotomy is done upon the proper mdica 
tions, all devitalized cartilage comminuted 
fragments of bone, and other foreign mate 
nals being removed with scrupulous care 
Impending or early articular infection is 
usually prevented or aborted by this 
method The joint space is closed, and 
pemcillin is instilled into it at the conclu 
sion of the operation, but the skin is left 
unautured If the joint structure has been 
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irreparably damaged by the initial injury 
or by infection, the joint is resected and 
healing is achieved in a position of maxi- 
mum function. 

Nerve Injuries. From 12 to IS per cent 
of all wounds of the extremities are asso- 
ciated with injuries to the major nerve 
trunks. Primary anastomosis of severed pe- 
ripheral ner\’es is usually neither feasible 
nor desirable In most instances the initial 


cause the more promptly surgery is done 
the less are the degenerative changes in the 
end-plates of the severed nerves 
Vascular Injuries. Injuries to the blood 
vessels in wounds of the extremities may 
consist of lacerations, partial or complete 
severance, thrombosis, or acute spasm. 
Treatment depends upon the type of in- 
jury. End-to-end suture or anastomosis by 
a tube technic may occasionally be em- 



Fio. 1061. Splinting of fractures of ankle and foot for transportation, using wire 
ladder splint Shoe or boot is removed. An occlusive dressing applied if there is an open 
wound. Gauze cotton pads are used as padding. Ankle is fixed at a right angle, and splints 
when padded and applied are held in position by a bias muslin bandage 


procedure consists only of debndement of 
the w’ound and identification of the nerve 
ends, which are either joined with a sling 
suture of fine stainless steel or tantalum 
wire or are anchored with similar suture 
material to surrounding structures to pre- 
vent their retraction. Metal suture material 
is ad\isable because it facilitates roentgen- 
ologic identification preceding subsequent 
repair. Patients -with nerve injuries are 
evacuated as promptly as possible to neuro- 
surgical centers in the Zone oi the Inleiior, 
partly because postoperative care after 
neurosurgery is protracted and partly be- 


ployed in carefully selected cases If liga- 
tion is indicated it should be performed 
well above and well below the area of in- 
jury, the damaged segment being excised 
between these points. Ligation in continu- 
ity introduces the risks of secondary hemor- 
rhage, thrombosis, and vasomolor constric- 
tion. Localized segmental spasm may follow 
injury of tissues remote from the vessel or 
the passage of the traumatizing agent near 
the \es’>el In such cases the limb is cold, 
pale, and lifeless-looking, though there is 
no evidence of hematoma, laceration, or 
other vascular damage. Treatment includes 
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iment of the surrounding trauma 
Issue and no\ocame block of the 
.1 ssinpathetic nerves Ssmpathetic 
to induce \aaodilation, should be 
out in all peripheral %ascular in 
ind should be repeated dail\ accord 
the indications Military exigencies 
ot permitted anj trial of refrigera 
a method of extending the period of 
> of 1 chemic tissues b\ reduction 
I metabolism 

utation Although ever} attempt is 
3 practice conservatism in wounda of 
remities, in a certain proportion of 
inl> amputation is possible Emer 
imputations m fornard echelons are 
led at the lowe t level possible to 
removal of all devitalized and con 
:ed tissue, regardle s of the length 
stump unnecessar} sacrifice of tis 
if course avoided The open circular 
me) method, nith severance of «uc 
lavers at the level of retraction of 
ag la}er«, i& the procedure of choice 
ta in an inverted cone, which is more 
e than a stump with a square end 
lund la alwa>'s left open Primary 
introduces the risks of osteomve 
s baallus infection, and other com 
as, and usuallv results in a stump 
IS too short A petrolatum gauze 
; is placed ov er the wound, and skin 
is applied immediate]} and con 
until healing is complete AATien 
tion Is performed in this manner, 
of the stump at a later date in 
ace with prosthetic considerations 
giv es good results 

Other Injuries 

es to the ev e, to the genito urinary 
and to other special s}atems and 
e treated in accordance with the 
outlined and without great devi 
am the methods emploved in civil 
:tice Their extended discu sion m 
er of this length is obvaouslv not 


Burns"-* 

While bums account for less than 2 per 
cent of direct battle casualties their inci 
dence among the forces is relatively high, 
due to the large amounts of gasoline and 
other inflammable material which must be 
transported and handled in the line of dut} 
The management of bums was completely 
revolutionized during World War II Tan 
me acid and other escharotics are no longer 
used and local treatment is limited to the 
application of a la}er of sterile fine-mesh 
gauze overlaid bv a firm pressure dressing 
of resilient material such as sterile me 
chames waste This method protects the 
injured skin prevents further contaraina 
tion provides against local swelling and 
los» of fluids gives the patient a high de 
gree of comfort and facilitates healing 
Contractures and excessive scarring are 
prevented b} proper splinting and early 
skin grafting Svstemic therapv is es 
iremelv important It con«ists chiefl} of the 
relief of pain with morphine the preven 
tion and control of shock b> the liberal 
u e of pla«ma and chemotherapeutic meas 
ures Jlore lives have been «aved and better 
results have been obtained with this reg 
imen than with an} method previously 
emploved in the treatment of bums 

SPECIAL COMPLICATIONS 

Anaerobic infections are nghti} dreaded 
complications of battle wounds because, 
when once thev develop their treatment is 
difficult and unsatisfaclor> and the mor 
tahtv IS high The incidence of tetanus was 
reduced almost to zero in W orld W ar II, 
and little epace need be devoted to it, since 
it IS no longer a medicomiUtar} problem of 
practical importance Gas bacillus infec 
tion, however, has not }et been conquered 
and its importance warrants a comewhat 
extended di cu-sion 

Tetanus 

Althouah accurate stati tical data are 
lacking concerning the incidence of tetanus 
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in military surgery prior to World War I, 
there is little doubt that it was very high, 
just as statistics show that it was relatively 
high among British casualties in the early 
years of the First World War. In the later 
years of World War I the incidence was 
greatly reduced because the use of prophy- 
lactic antiserums had become widespread 
and debridement had been developed and 
was being uniformly practiced. 

In World War II active immunization 
with tetanus toxoid was universal among 
American troops, with the result that only 
three authenticated instances of tetanus oc- 
curred in fully immunized soldiers. The 
advantages of active over passive immuni- 
zation, particularly from the military stand- 
point, arc well known and need not be 
repeated here. The procedure of active im- 
munization as now carried out by the 
United States Medical Department Includes: 

1. The administration of three doses of 
tetanus toxoid of 1 cc each at triweekly 
intervals over a nine-week period. 

2. The administration of 1 cc of toxoid 
one year later as a stimulating ("booster”) 
dose. Regardless of the lapse of time after 
the original immunization, the immunity 
afforded by the method described is so ef- 
fective that no further injections are re- 
quired in the absence of injury 

3. The administration of a stimulating 
dose of 1 cc. of toxoid if a wound is sus- 
tained, the injection being made as soon 
as possible after iyovnding. 

The effectiveness of tetanus toxoid in the 
prevention of tetanus was completely es- 
tablished in the course of the war. Immu- 
nization, however, must be supplementerl 
by proper care of the wound if an injury 
does occur. The removal by debridement of 
all contaminated and devitalized tissue ami 
ali foreign bodies as soon as possible after 
the wound is sustained, combined with the 
routine practice of leaving all wounds open 
after debridement, has two objectives: to 
eliminate a medium favorable for the in- 
cubation of spores of Clostridium tetani. 


and to hinder (by free exposure to air) the 
development of infections caused by anae- 
robic organisms 

Tetanus was formerly a common and 
deadly disease among armed forces If per- 
mitted to develop it still carries a high 
mortality, even in the most experienced 
hands. As the result of active immuniza- 
tion with tetanus toxoid combined with 
adequate surgical care of wounds its pres- 
ent incidence is practically nil and its mor- 
tality correspondingly nonexistent. Under 
the circumstances any discussion of ther- 
apy would be superfluous 

Gas Gancrenc®® 

Clostridbl myositis (gas-bacillus infec- 
tion) is an infection of living muscle with 
anaerobic bacteria of the genu’^Clostridtum 
This group of organisms produces pow’erful 
toxins which, by their necrotizing action, 
favor the local spread of infection, and 
which later, by their hemolytic action and 
as the result of wider dissemination, pro- 
duce a profound, shock-like toxemia. It 
should be emphasized, however, that it is 
not possible to distinguish between this 
toxemia, which is due to clostridial exo- 
toxins, and a toxemia which may be due to 
the septic decomposition of dead tissue and 
wound exudates The infection may be lim- 
ited to a single muscle, but more often 
whole muscle groups are involved, and 
swift progression through a whole limb is 
ntA inSreqaeiit CJcislridiaJ myositis must 
be distinguished from anaerobic cellulitis, 
a circumscribed t>’pe of anaerobic infection 
which involves superficial connectiv'e tissue 
but does not involve muscle 
The incidence of gas-bacillus infection 
among American troops in World War I 
was 1.7 per cent, and the over-all mortality 
was between 40 and 50 per cent In the 
early part of the war, before the impor- 
tance of early and thorough debridement 
and of nonsulure of battle wounds was ap- 
preciated, both figures were much higher 
The experience in World War II was sub- 
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stantialK the same and until surgeons m 
all combat areas learn b> bitter experience 
the importance of the'e two pnnaples 
both the madence and the mortaliU of gas 
bacillus infection will remain unju^tifiablj 
high E\ en under the happie&t arcum 
Stances the raortaliU is *^1111 \erj substan 
tial MacLennan® on the basis of extensi\e 
studies in the British Armies in the "Middle 
East wrote in 1943 that aerj few ad\ances 
in either pre\ention or treatment had been 
made in the last 25 \ear<5 although during 
ihi-. period anti erums had at lea^t doubled 
in potencv and sulfonamide drugs had been 
introduced 

Bacteriology 

The development of anaerobic infections 
depends upon two factors (1) the pre» 
ence of anaerobic «pore bearing bacilli of 
the Clostridium group (2) the pre<cnce of 
devitalized tissue In the ab ence of one or 
the other of the e arcumstances this par 
ticular tjTie of infection does not develop 

To date some ten or more speaes of 
anaerobic organisms have been identified 
of which Cl i-clchu Cl oedemctiens and 
Cl septicum are probablj the mo«t impor 
tant clmicallv Lsuallv more than one spe 
cies Is pre ent in an infected wound If onlv 
a single species is present it is likely to be 
Cl iielchu Concomitant infections with 
aerobic orgamsms are common 

Closfndiai m> ositis is a bacterial disea e 
but It should not be conceived of in that 
light It Is a definite clinical enlitv Clos 
tndial organisms are veiy widelv distnb 
uted in nature appearing m soil sand and 
dust of all kmda and m the alimentary 
tracts of mam animaL and of man Their 
distribution in fact is so wide that as 
"MacLennan® expresses it their ab 

sence from war wounds is a matter for sur 
prise rather than for satisfaction their 
presence for resignation rather than alarm 
Their demonstration in a wound does not 
establish the presence or even the prob 
ability, of active mfection it simply pro 


\idea the potentialities for it \ distinction 
must be made between simple contamina 
tion with these orgamsms which occurs in 
perhaps 30 per cent of all wounds and 
which in most instances goes no farther 
and active infection with them which 
o curs in perhaps 1 to 2 per cent of all 
cases In other words even though the 
causative organisms are isolated from a 
wound as thev frequently are clostridial 
mvositis does not exist in the absence of 
clinical symp oms and signs The clinical 
diagnosis mav be confirmed in the labora 
tory but a laboratory diagnos s of clos 
tndiai infection does not establish the 
presence of the disease Lnless this dis 
tinction IS borne in mind unnecessary radi 
cal surgery is likely to be done 

Predisposing Causes 

In spite of the wide pread occurrence of 
clostridial organisms m war wounds active 
infections develop onlv when certain favor 
ing conditions are present These conditions 
include 

1 Tissue whether damaged or undam 
aged in which impairment of local vascu 
lantv has occurred Such impairment may 
be the direct result of injury to the mam 
arterial blood supplv by the traumatizing 
agent or the result of the noxious effects 
of bacterial toxins and proteolysis or the 
result of traumatic or segmental vaso 
spasm or thrombosis It mav afso occur in 
directly as the resul of remote mterfer 
ence with the blood supply which not 
infrequently is caused b\ injudicious emer 
gency measures including tight bandages 
and packs tourniquets and plaster of pans 
casts Plaster of pans casts which are not 
bivalved immediately upon application or 
which (if this is not done) are not under 
constant observation may cau e edema of 
the tissues and sub equent ischemia 

2 Wounds m which there has been ex 
tensive laceration of mu cles compound 
fractures of the long bones and penetrating 
wounds of the abdomen and perineum 
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Necrosis is likely in all injuries of this type, 
and necrotic tissue furnishes particularly 
favorable pabulum for the growth of anae- 
robic organisms. 

3. Wounds contaminated with soil, dust, 
or debris, or wounds in which foreign bodies 
and fragments of clothing have penetrated 
deeply into the tissues 

4. Wounds in certain areas and involving 
certain groups of muscles Clostridial infec- 
tion is particularly likely to develop in 
wounds of the shoulder the buttocks, and 
the lower extremities, and in such muscles 
as the gluteus maximus, the hamstring 
group, the rectus femoris, the vastus inter- 
medius, and the gastrocnemius. The blood 
supply of each of these muscles is derived 
from only one or two sources, and ischemia 
of the entire muscle results when these 
sources are cut off. For anatomic reasons 
wounds of the buttocks are peculiarly sus- 
ceptible to infection because, no matter 
how competently they ate managed orig- 
inally, they are constantly recontaminated 
by the passage of feces In MacLennan’s'’ 
series, 12 of 20 cases of anaerobic infection 
in this location ended fatally. 

5. Improperly d^brided wounds which 
are closed primarily. 

6. Wounds complicated by severe hemor- 
rhage and shock, with resultant anemia, or 
by prolonged exposure and exhaustion, and 
wounds in which treatment is delayed due 
to difficulties in evacuation or of other 
origins. 

Prophylaxis 

There is no practical method of prevent- 
ing the access of Clostridia to war wounds, 
and the mortality of established infections, 
even with the therapeutic methods now 
available, remains quite high. On the other 
hand, there are proved methods of prevent- 
ing the development of infection in the 
great majority of all cases, and their prompt 
and correct application is obviously of the 
greatest importance. 

Prophylactic Surgery. Since the basis 


of the development of anaerobic infection« 
is (1) the presence of necrotic tissue and 
(2) the presence of tissue in which the local 
circulation is impaired, if not actuaU> de- 
strojmd, the basis of prophylaxis is clearlv 
the wide excision of all tissue which might 
serve as pabulum for anaerobic micro- 
organisms Prophylactic surgery therefore 
involves : 

] Sufficient exposurf, preferably in 
the long axis of the limb, to permit ready 
access to all parts of the wound This fre- 
quently requires liberal enlargement of the 
battle wound 

2. Wide removal of all contaminated 
AND DEVITALIZED TISSUE, aS Well 35 of tags 

of bruised fascia, blood clots, detached 
fragments of bones, and foreign bodies such 
as bits of clothing and fragments of high- 
explosive bombs and shells. Because of Its 
peculiar vulnerability to infection, special 
attention must be given to muscle tissue 
which has altered in appearance and color 
and which has lost its ability to contract 
and bleed Particularly careful excision is 
also necessary when the wound is in the 
buttocks or the lower extremities, or when 
any of the muscles especially susceptible to 
anaerobic Infections has been damaged If 
the wound is jagged, it is important that 
all pockets and irregular spaces be cleaned 
out and adequately drained The use of 
x-ray films at operation is helpful in insur- 
ing that all opaque foreign bodies have 
been removed 

3. Strict limitation of tut excision to 
damaged and doubtful tissue. The sacri- 
fice of healthy tissue and of unnecessary 
amounts of skin should be avoided, and the 
integrity of major blood vessels and of 
nerves should be preserved A properly per- 
formed debridement leaves a clean, health>- 
looking wound, in which drainage is ade- 
quate. 

4. Nonsuiure ofthewound The number 
of instances in which primary suture is a 
safe procedure is limited, and it is a prac- 
tical impossibility to identify such cases at 



SPECIAL COAIPLICATIONS 


1241 


operation Nonsuture of the uoiind is there 
fore the proper routine 
5 Dressing of the ivound ^\ith petro 
latum gauze or with dry fine me'^h gauze 
followed bv immobilization by splinting 
Tight packing and the application of tight 
bandage^ which are likelj to impair the 
circulation and which favor tissue necrosis 
are to be avoided Splinting of the parts 
IS best done bv anj method other than the 
application of a plaster of pans cast If for 
an} reason such a cast must be applied it 
'should be bivalved immediately after its 
application Local chemotherapy should be 
omitted \\Tiile there is *:ome difference of 
opinion on this point the consensus is that 
neither local nor systemic sulfonamide ther 
apy has fulfilled its early promise in the 
prophvla-vi^ of gas gangrene 
Uniformly successful results from the 
prophylactic regimen outlined above are 
possible only when the patient is seen with 
reasonable promptness mthm several 
hours at the most If he is seen later the 
procedure depends upon the arcumstances 
If e^ci ion seems unwise but actual infec 
tion has not yet developed adequate dram 
age may be provided bv appropriate inci 
sions If infection has developed the 
regimen to be outlined for establ shed 
anaerobic infections must be instituted 
without delay 

Postoperative Care The patient is 
evacuated as soon as possible after opera 
tion to an installation with facilities for 
adequate postoperative observation and 
should remain in it until all risk of the 
development of anaerobic infection is piast 
Thii precaution is especiallv necessary if 
the mam arterial blood supply of a part has 
been injured or if the wound is. such that 
the development of anaerobic infection 
•seems likely It is a wise precaution to note 
on the medical record which accompanies 
the patient the necessity for careful ob'ier 
vation 

In ca«es in u hich traumatic or •segmental 
va o'pa^m 'eems a possibility, repeated 


novocaine block of the regional sympa 
thetics IS earned out Otherwi'=e only 
routine postoperativ e measures are em 
ployed Gas gangrene antitoxin is not given 
Its prophylactic value remains to be estab 
lished and its use is not recommended at 
this time 

Clinical Picture and Diagnostic 
Considerations 

The length of the incubation penod in 
anaerobic infections vanes depending upon 
the nature and virulence of the affecting 
organisms the degree of damage to the tis 
sues the amount of blood lost the pres 
ence of shock fatigue or other factors 
which lead to a diminution of resistance 
and finally the adequacy of prophylactic 
surgerv and the time in relation to the 
initial nound at which it was performed 
Infection has been reported as early as 
three or four hours and as late as four 
or five days after the wounding but m the 
majority of ca«es it occurs within the first 
two or three days WTien once it does occur 
the onset is acute progression is rapid and 
the patient may be in extremis within a few 
hours Since the value of curative therapy 
IS limited at best and since its results de 
pend chiefly upon the promptness with 
which It IS instituted the importance of 
constant ob'^ervation of the patient and 
of prompt diagnosis of impending infection 
IS obvious 

Symptomatology Generally speaking 
the first symptom of the on^et of clostridial 
mvositis IS sudden acute pain in the wound 
which as AlacLennan® has pointed out is 
■'ometimes so abrupt as to suggest a vas 
cular catastrophe Once established the 
pain remains constant and does not dis 
appear until it is relieved by surgery or 
until ma_sive gangrene has occurred when 
as a rule the patient is moribund Pain of 
this character and with such an on'^et is of 
great diagnostic importance As AlacLen 
nan® observes even a wounded man if 
lying normally m bed would not suffer in 
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this manner unless something were very 
wrong indeed. 

Accompanying the pain, and also of great 
diagnostic significance, is a steadily rising 
pulse rate. The pulse volume at first is 
good, and only later does it deteriorate 
The accelerated pulse may or may not be 
accompanied by hyperpyrexia When tox- 
emia is fully developed the temperature is 
likely to be subnormal. The rising pulse 
rale, combined with the shock-like stale 
characteristic of advancing toxemia, may 
suggest traumatic or hemorrhagic shock, 
but the differentiation is not difficult Ex- 
cept when the incubation period is unusu- 
ally brief the time interval is too long lo 
permit a diagnosis of traumatic shock, and 
hemorrhagic shock is readily differentiated 
by serial blood-pressure observations In 
early stages the blood pressure is likely to 
be normal or slightly elevated, and even in 
late stages it is not lowered to the same 
degree as In ordinary shock 

In the occasional case vomiting is some- 
times the first suspicious sign. It frequently 
becomes marked as toxemia progresses 

Other signs of toxemia develop rapidly 
The facies becomes ashy in most cases, 
though occasionally it is flushed. In some 
instances Jaundice is a terminal phenom- 
enon. The skin is frequently covered with 
sweat. The patient looks anxious and ap- 
prehensive. Mental changes are various In 
some instances he is bright-eyed and ex- 
tremely alert, in others he presents a pic- 
ture of complete apathy. In still other 
instances there may be low, muttering 
delirium or, occasionally, acute mania 

The clinical picture described is the 
classic picture and refers chiefly to infec- 
tions with Clostridhim welcliii, which are 
the most frequent type In infections with 
Cl. oedematiens a sense of weight may pre- 
cede the development of acute pain in the 
injured part. MacLennan,® who first de- 
scribed this symptom, did not observe it 
constantly, but obviously it is of great sig- 
nificance when it is present. The condition 


of the patient becomes poor at a very earlv 
stage, the toxemia being entirely out of pro- 
portion to the local findings The pulse vol- 
ume is poor and the blood pressure de- 
pressed. The mental changes described for 
infections with Cl wclchii are usually less 
striking in Cl oedematiens infections, 
though they may be present In this variety 
of the disease hemoconcentration is likely 
to be present because of the local “wet” 
infection 

Local Findings. A description of the 
local findings in clostridial myositis prop- 
erly begins with the statement that the 
presence of gas has been emphasized far 
loo much, both clinically and from the 
diagnostic standpoint Gas is not constantly 
present Although it is occasionally (usually 
accidentally) demonstrated by x-ray in 
early cases, as a rule it appears later. It 
may never be apparent because it is masked 
by associated edema and gangrene. In mas- 
sive gangrene a tympanitic note is nearly 
always present on light percussion over the 
involved areas, and even in localized cases, 
if the muscles are superficial, careful ex- 
amination will sometimes reveal it It is 
well lo remember also that even if gas is 
present and demonstrable, the area of dem- 
onstration does not necessarily correspond 
with the area of infection in the deeper 
tissues The significance of this observation 
from the standpoint of surgical therapy is 
dear 

Another point to be emphasized is that 
clostridial myositis is not necessarily asso- 
ciated with a characteristic odor, which has 
been variously described as sw’eetish, like 
rotten meat, and like acetylene gas in low 
concentration While this odor may be 
present in many cases, the wound may emit 
no odor at all, and fatal delay in the insti- 
tution of treatment may ensue if diagnosis 
IS postponed until the appearance of the 
so-called characteristic odor 

The appearance of the wound depends 
upon the variety of infecting organism and 
upon the degree of exposure to air. Changes 
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are ne\er so extensive m an open wound 
exposed to air as in a totally or partially 
dosed wound The full extent of the path 
ologic changes cannot be properly compre 
hended until the wound is examined in the 
operating room under a good light and after 
proper exposure Such an examinition 
should be carried out without delay in all 
ca«es in which the diagnosis of clostridial 
infection cannot be promptlj and positively 
excluded 

In the earlier stages of Cloitrtdtum 
iielcliu infections the muscles are some 
what swollen are paler than norma! and 
hck their normal luster Later thej become 
a characteristic slate blue color Edema is 
not marked and is more striking in the 
subcutaneous tissue than m muscle tissue 
The muscles themselves are pulp> and fri 
able and do not bleed on incision or con 
tract on stimulation The surface of the 
wound IS usuallj dr) though a small 
amount of thin frequently blood stained 
exudate ma> escape from the edges on 
gentle pressure Gas production is marked 
but the discharge does not become profuse 
as la the Cl oedciKutiens varvetv of mfec 
tion 

Edema is the outstanding local charac 
tenstic of infection with Cl oedemaltens 
It involves all the tissues of the wound and 
lb not u«uall> hemorrhagic The muscles 
which are greatlj swollen at first are pale 
and abnormall} firm Later the\ become 
brick red or dark purplish red and still 
later they hav e a tJTJicallv gangrenous ap- 
pearance At this stage thej are slimv and 
friable and ev entuallj thej are pultaceous 
The line of demarcation between involved 
and normal muscles is particular!} clear 
cut when the infection is confined to super 
fiaal muscles 

In both varieties of infection the disease 
progresses longitudinall} up and down the 
affected muscle or muscle group from the 
site of the original lesion There is little 
tendenc} to spread from muscle group to 
muscle group 


The skin changes m both varieties of in 
fection are variable and are not neces«aril} 
related to the extent of the underl}ing in 
fection Apparent!} health} skin may over 
he ‘terious!} infected tissue and vice ver^a 
In the early stages of the infection the onlv 
significant ^kin change is blanching about 
the wound on pressure Changes are seldom 
marked in Cl itelchn infections if the gas 
bacillus infection is associated with strepto 
coccal infections a coppery discoloration is 
sometimes observed this discoloration ma} 
also appear terminal)} in uncomplicated m 
fection Skin changes in Cl oedemaltens 
infections include edema tenseness a dirty 
brown discoloration marbling of the sur 
face from stasis in subcutaneous veins and 
occasional!} areas of ischemic gangrene 

Differential Diagnosis from Anaerobic 
Cellulitis Amerobic cellulitis is a circum 
scribed tvpe of anaerobic infection whic-h 
affects superficial connective tissue rather 
than muscle even in areas t}mpanitic with 
gas the muscles retain their normal color 
and contractility Edema of traumatic 
origin ma} be present but is not character 
isUc of the infection The incubation period 
IS longer than m clostridial m}o itis the 
onset IS much more gradual and s}stemic 
disturbances are minimal at least in com 
parison with the profound changes ob erved 
in clostridial m}o=:iti« 

The distinction between the two condi 
lions IS extremelv important In anaerobic 
cellulitis free incision with excision of 
locall} infected tissue is usual!} adequate 
In clostridial myositi radical surgerv 
which sometimes includes amputation is 
necessar} If the differential diagnosis is 
not made unnecessar} surgery will obvi 
ou ly be done in manv ca^es 

Therapy 

The therap} of establi«hed gas bacillus 
infection falls into two parts (1) control 
of the infection (2) combating of tox 
emia These objectives are accomplished bv 
a combination of surgery, antitoxin, chemo 
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therapy, and supportive measures, which 
must be instituted without delay. A patient 
whose general condition makes him suit- 
able for immediate surgery should be oper- 
ated on at once, without pause for any but 
routine preparation. A patient in poor con- 
dition should receive from 500 to 1,000 cc 
of whole blood and should be given anti- 
toxin while the transfusion is running, but 
there should be no further delay, for he is 
not likely ever to be in better condition. 
Many writers have pointed out that in 
clostridial myositis the swift progression of 
the infection always outstrips attempts at 
rehabilitation. 

The surgical procedure consists of the 
wide excision of all involved tissue, par- 
ticular care being taken that the excision 
is continued into tissue that is indubitably 
healthy. The extent of the procedure de- 
pends upon the degree of the Involvement 
Occasionally the excision of a single muscle 
is adequate Jlore often the excision of an 
entire muscle group or of more than one 
group is required In extreme cases only 
amputation is adequate, and care must be 
taken that it be performed well beyond the 
upper limits of the infected tissue. If radi- 
cal surgery is impossible because of the site 
of the infection or the condition of the pa- 
tient, free incision of the muscle sheaths 
and muscles will relieve tension, but it 
should be emphasized that this is a proce- 
dure of expediency, not of choice. In such 
cases, if a limb is involved, the application 
of a tight tourniquet proximal to the upper 
limit of infection has been found helpful in 
establishing a sort of physiologic amputa- 
tion. 

Because thrombophlebitis and pulmo- 
nary embolism are acknowledged hazards in 
clostridial infections, it may be nece«sary, 
when amputation is performed or later 
during convalescence, to aspirate thrombi 
from veins or to perform venous ligation 
These procedures should not be performed 
routinely but only upon the proper indica- 
tions 


Penicillin may be instilled into serous 
cavities or into major joints to complement 
initial or subsequent surgical management 
but with this exception the local use of 
chemotherapeutic agents is not advised 

It cannot be too strong!) emphasized 
that surgery, with the establishment of ade- 
quate drainage, is the basis of the therapy 
of clostridial myositis Every other measure 
is adjuvant to it, and no other measure, 
however intensively carried out, can offset 
the risk of residual dead spaces or improper 
drainage 

Measures adjuvant to surgery include 

1. Administration of Trivalent Gas- 
gancrene Antitoxin This is done in an 
effort to neutralize toxins The value of 
antitoxin is still to be established, but until 
it is proved to be of no value it is the part 
of wisdom to employ it It is preferably 
given intravenously after the proper pre- 
cautions have been taken against anaphy- 
lactic shock. A minimum dose of 3 ampules 
(each ampule contains 10,000 units of Cl 
wclc/tii and of Cl septicum and 1,500 units 
of Cl oedematiens) is repeated hourly at 
the discretion of the medical officer until six 
doses have been given 

2 Administration of Penicillin Be- 
fore operation, or in the course of the pro- 
cedure, the patient is given an initial intra- 
muscular dose of 30,000 units Three hours 
later a slow intravenous drip is begun, at 
the rate of 5,000 to 6,000 units per hour, 
and is continued for 24 to 48 hours If ad- 
ministration by this route is not feasible, 
15,000 units is given intramuscularly at 
three-hour intervals The aim is to give 
from 200,000 to 400,000 units daily, and to 
continue the administration for three to 
five da>s after all clinical symptoms and 
signs of infection have disappeared Pc-ui- 
cillin, in the light of present knowledge, has 
no curative eflecl, but it is useful in limiting 
further invasion of healthy tissue Since 
this drug has become generally available, 
sulfonamide therapy in clostridial infec- 
tions is no longer employed There is no 
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rea'on to emploj it in addition to jjeniallin 
for there is no •sound evidence of svnergism 
between the two drugs and the use of sul 
fonamides simplv introduces the ri'sk of 
toxic reactions 

3 Liberal Use of hole Blood In 
clostridial infections there is rapid and ex 
ten'ive destruction of erjthrocjtes and 
their replacement phi's a large part m the 
patients survival Plasma does not fill this 
need and should be reserv ed for the correc 
tion of persistent hemoconcentration in the 
occasional selected ca®e 

4 AIaintenance of a Proper Fluid Bal 


ANCE Such a balance is maintained by the 
free oral intake of fluids if vomiting does 
not prevent and by the use of parenteral 
fluids as necessary The maintenance of 
the fluid equilibrium is important for 
anuria is a fairlv frequent complication of 
the di ea«e though the exact mechanism of 
its development is not known It is well 
known that kidnej tissue i» verv vulnerable 
to anoxia secondary to protracted circu 
latory failure * 

5 Constant Intestinal Decovipres 
SION This is done as necessary to combat 
abdominal distention and gastric dilatation 


Part III 

THE MEDICAL ASPECTS OF GAS WARFARE® 
B> Major General Norman T Kirk 


Because gas was u«ed in \\orId \\ar I 
it was necessarv to provide against its u«e 
in the Second Uorld \^ar but toxic gases 
were not emplov ed in the more recent con 
flict This section is included m the chapter 
on raihtarv medicine however for the sake 
of completeness and to present in brief out 
line the essential medical considerations of 
this varietv of warfare \o attempt will be 
made to review m detail the great amount 
of material available on this subiect 

CLASSIFICATION OF GASES 
For medical purposes the most useful of 

Physiologic Action 


\ esicants (blister ga'es) 


Lung irritants (choking ga«es) 


Sternutators (vomiting gases) 


the various systems of classiflcation pro 
posed for chem cal warfare agents is one 
which segregates them according to pnmarj 
phjsiologic action It should be pointed out 
that the classification which follows while 
satisfactor> from this standpoint makes no 
allowance for the secondarv effects of which 
man) of these agents are capable and does 
not include either the incendiaries (white 
phosphorus magnesium and its allo)S 
thermite and oils) or the screening smokes 
(HC mixture titanium tetrachloride or 
sulfur trioxidechlorsulfomc acid solution) 
which also must be combated 

Gases 

Alustard 

Nitrogen mustard 
Lewisite 

Ethyldichlorarsme 

Phenjldichlorarsine 

Phosgene 

Chlorpicrm 

Chlorine 

Diphenv hminechlorarsme 
Diphenv chlorarsme 
Diphenj Ic) anarsme 
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Physiologic Action 

Systemic poisons (blood and 
nerve poisons) 


Lacrimators (tear gases) 


Vesicants 

Vesicants as a group act primarily on the 
eyes and skin, though when inhaled they 
injure the respiratory tract and when ab- 
sorbed they cause systemic poisoning. 

Mustard. The eyes are more vulnerable 
to mustard than is any other part of the 
body. There are no immediate symptoms 
following exposure; the latent period, de- 
pending upon the degree of exposure, 
ranges from one or two hours to twelve 
hours. The resulting lesions \ary from mild 
conjunctivitis to severe injuries of the cor- 
nea with opacification, ulceration, and vas- 
cularization. 

No decontamination procedure is of any 
value following exposure of the eyes to 
mustard vapor only. When the contamina- 
tion is by liquid mustard, immediate atten- 
tion is necessary, since first aid procedures 
more than two minutes after exposure are 
of little value UAL ointment is squeezed 
directly into the lower conJuncti%al sac, and 
this application is followed by pain and 
blepharospasm, though previous symptoms 
have been lacking. The eye is massaged for 
one minute and is then irrigated for one- 
half minute to two minutes. The irrigation 
will usually relieve or completely slop the 
pain caused by application of the ointment 

Mild conjunctivitis is treated sympto- 
matically. Three per cent sodium sulamyd 
solution (two drops) is instilled every four 
to eight hours to pre\ent infection. In more 
severe cases, with edema of the lids, photo- 
phobia, blepharosfiasm, and other obstruc- 
tions of vision, pain is likely to be persistent 
and must be controlled by morphine or other 
systemic sedation. Mydriasis is effected by 


Gases 

Hydrocyanic acid 
Cyanogen chloride 
Arsine 

Chloracetophenone 
Chloracetophenone solutions 
Bromobenzylcyanide 

the use of atropine solution (I per cent). 
Infection is prevented by the instillation of 
a few drops of 3 to 10 per cent solution of 
sodium sulamyd every four hours, or by the 
use of penicillin (1,000 units per 100 cc ) 
or of suUathiazole ophthalmic ointment. 
Secretions are removed by gentle irriga- 
tions with isotonic saline solution Band- 
ages are not used, and care is taken that the 
lids do not adhere to each other Infections 
are treated by the instillation of 10 per cent 
sodium sulamyd every two hours, or by the 
local use of penicillin or suUathiazole oph- 
thalmic ointment every four hours 
No immediate symptoms follow the ex- 
posure of the skin to mustard %apor or 
liquid At the end of a latent period of one 
to twelve hours erythema appears, with 
Itching and some burning Erythema is fol- 
lowed by \esication after all but mild ex- 
posures Liquid mustard on the skin must 
be decontaminated promptly The excess 
liquid IS blotted off, M-S protective oint- 
ment is applied freely, the excess is re- 
moved, and more ointment is applied and 
is allowed to remain until it can be washed 
off with soap and water Erythema is 
treated symptomatically. Blistered and de- 
nuded areas are treated by the application 
of sterile petrolatum, which is covered by 
sterile pressure dressings A sterile technic 
must be employed, and frequent changings 
of dressings are a\oided Specific antibac- 
terial therapy’ is employed according to the 
indications. Penicillin, which is the drug of 
choice, is gl\en intramuscularly m do«es of 
23,000 units e\cry three hour» as long as 
indicated. 

Symptoms following the inhalation of 
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mustard \apor come on slowlj They begin 
With hoarseness and possibly aphonia and 
progress to cough fever and dv'pnea The 
fe^tons range from mi!d bjTJeremia of the 
larjTigeal and tracheobronchial muco:^ to 
congestion of the pulmonarj parenchyma 
with mild patcb> edema emphysema and 
focal atelectasis Bronchopneumonia is a 
frequent complication Cough and irntation 
are treated simptomaticallj and larjTigitis 
and bronchitis are treated with steam in 
halations \\Tien clinical evidence of severe 
respirator} tract injury exists penicillin is 
given proph} lacticallv to prevent broncho 
pneumonia If pneumonia develop^ it is 
treated esactl} as it would he under other 
circumstances 

■^b^orption of mustard through the skin 
or the ingestion of mustard contaminated 
food or water ma} cause «evere ga«tro 
intestinal disturbance^ such as pam nau«ca 
and vomiting and diarrhea The patient 
ma} develop fever and is often prostrated 
^^’hen the quantitv of mustard absorbed 
approaches tie lethal do«e the hemalo 
poietic ti«sue ma} be damaged as evidenced 
bv leukopenia and thrombocv topenia to the 
peripheral blood Di comfort and restle s- 
ness are rehev ed bv barbiturates Morphine 
ma} be nece ar} to reduce gastro intestinal 
activity Infusions are emplo}ed according 
to the md cations to maintain the fluid and 
tlectrol}te balance 

Nitrogen Mustard The eves are affected 
more quickl} bj nitrogen mustards than b} 
mustard though not as quickl} as b} 
lewisite The lesions are m general similar 
to tho'e caused bv mustard but the s}inp 
toms ma} be more '^ev ere and lo al necrosis 
of the cornea ma} termuiate m rupture of 
the globe Decontamination and treatment 
are the '^ame is described for mustard 

The decontamination of liquid nitrogen 
mustard on the skin the treatment of skin 
legions and the management of lesiona of 
the respirator} tract are the same as for 
mustard 

The most pronounced effects of the ab 


sorption of mtrogen mustards through the 
skin or the respiratory or gastro intestinal 
tracts are on the hematopoietic tissue and 
Ijmphaid tissue Degenerative changes in 
the bone marrow may be followed b} m 
volution of the th}mus spleen and lymph 
nodes resulting in hmiphopenja granu 
loc} topenia thrombocytopenia and anemia 
\omiting and diarrhea are frequent s}mp 
toms Treatment consists of transfusions of 
whole blood with other parenteral fluids ac 
cording to the indications 

Lewisite Liquid lewisite is particular!} 
damaging to the e}es Pam and blepharo 
spasm immediately follow exposure and 
there is immediate searing of the cornea 
Edema follows promptly and the e}e is 
clo'sed within an hour The degree of comeal 
injury depends upon the degree of exposure 
Healing ma} occur without permanent de 
fects but the more severe exposures may 
terminate m pannus formation or massive 
necrosis Decontamination and treatment 
are the same as for mustard In contrast to 
its effect m expo ure to mustard however 
BAL ointment will imniediatelv reheve the 
pain and blepharospasm caused by lewisite 
and if It IS u'ed within one minute of ex 
posure healing usuall} occurs without per 
manent damage If it is not Used for ten 
minutes healing will occur but there will 
be some residual defects After 30 minutes 
It Is of no value 

The contact of liquid lewisite with the 
skin produces within a few seconds a sting 
mg pain which quickl} increases m 'event} 
Eiy'thema appears in about 30 minutes and 
vesication m about 12 hours The blisters 
in contrast to blisters caused bv mustard 
are painful The blister fluid is nontoxic 
and nonvesicant The U«sue damage caused 
b} lewisite is m general more severe than 
that cau'ed by mustard 

Ideally lewi'ite is decontamimted by 
BAL ointment which is spread on the skin 
m a thin film rubbed in and allowed to re 
main for a minimum of five minutes By 
this method of application the lewisite 
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which has been absorbed is neutralized, as 
well as the lewisite on the skin In practice, 
since M-S ointment is a good decontami- 
nant for lewisite, though not as effecti\e as 
BAL ointment, the «oldier is taught to use 
the former for all liquid contaminations of 
the skin, the reason being that in the con- 
fusion of battle it w ould be difficult for him 
to distinguish between the blister gases and 
to apply the appropriate decontaminating 
ointment Treatment of the various phases 
of lewisite burns is the same as the treat- 
ment outlined for mustard burns 

Inhaled lew’isite vapor is extremely irri- 
tating to the respiratory passages. The 
lesions are similar to those caused by mus- 
tard. Therapy combines the treatment out- 
lined for mustard injuries of the respiratorj 
tract and the treatment to be described for 
systemic arsenical poisoning. 

Systemic poisoning with lewisite results 
from the absorption of liquid lewisite from 
the skin or of lewisite vapor from the res- 
piratory tract. Pathologic changes include 
the loss of fluid from damaged capillaries, 
which may be so severe as to cause hemo- 
concentration, shock, and death, hemolysis, 
focal necrosis of the liver as the result of 
oxidized products of lewisite , and pulmo- 
nary edema, which may follow either direct 
inhalation of the vapor or absorption of 
the liquid agent through the skin 

Indications for the treatment of systemic 
lewisite poisoning include 

1. Any evidence of pulmonary edema, 
such as a cough with dyspnea and frothy 
sputum , 

2. Any skin burn the size of (he hand or 
larger, if decontamination has not been 
effected within 15 minutes of exposure, 

3. Skin contamination of 5 per cent of 
the body surface if evidence of skin damage 
appeared within 30 minutes, 

4. Blisters which are the size of (he hand 
or larger. 

When lewisite has been absorbed through 
the skin, B.AL ointment is rubbed into the 
affected areas and is not removed. An ap- 


propriate dose of BAL m oil {10 per cent) 
is given intramuscularly into the buttocks, 
the dosage being adjusted to the estimated 
body weight <125 pounds, 2 5 cc 150 
pounds, 3 0 cc , 175 pounds. 3 5 cc 200 
pounds, 4 0 cc). The original dose is re- 
peated every four hours until four doses 
have been given In severe cases the inter- 
val betw'een the first two doses is shortened 
to two hours, and a single daily dose in half 
the amount of the original dose is given for 
three or four days after the specified four 
doses have been given 

A wide variety of symptoms and signs 
may occur IS to 30 minutes after the injec- 
tion of BAL in oil The most serious is a 
transient rise in blood pressure Reactions 
may last 30 minutes, but unless they are 
prolonged or unduly severe they do not 
contraindicate the administration of a full 
course of treatment. 

Ethyldichlorarsine and Phenyldichlor- 
arsine. The pathology and symptomatol- 
ogy caused by these agents, as well as the 
decontamination and treatment, are similar 
to those already described for lewisite 

Lung Irritvnts 

Of the important lung irritants, phosgene 
produces Its primary effects on the lung 
parenchyma, while chlorpicrin and chlorine 
are more likely to injure the trachea and 
the bronchi. 

Phosgene. When phosgene is inhaled, 
initial damage to the capillaries of the lung 
parenchyma is followed by loss of fluid 
from the capillaries and bj early massive 
pulmonary edema. Loss of plasma into the 
alv’eoli results in hemoconcentration Pul- 
monary edema reaches its maximum 12 to 
14 hours after exposure, and gaseous ex- 
change in the lung is inhibited In fatal 
cases death from anoxemia usually occurs 
within the first 24 to 4S hours In nonfatal 
cases edema begins to subside at the end of 
48 hours. Secondary bronchopneumonia may 
develop three to five da>s after exposure 
To prevent its development specific anti- 
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bacterial therap) preferably penicillin may 
be gi\en proph\lacticaIly when edema be 
giDa to subside 

The «e\ent\ of the early s\Tnptoms of 
phosgene poi«onmg which include cough 
mg choking or \omiting is not a prog 
nosti'* yardstick In some ca es a latent 
period of 2 to 24 hours is followed by signs 
of pulmonan- edema of which c\ano is i'* 
the most ominous The condition mav pro 
gresa steadily the patient e\entually pa-^ 
mg into a shock like state \ person exposed 
to phosgene mav continue with his duties 
for some time before «igns and syTuptoms 
of re'spiratory di tre s appear MTien they 
0 cur he must at once be put at complete 
reat kept comfortahh warm and given 
oxygen in as high a concentration as poa 
sible If he continues in diatre'ss morphine 
may be given guardedly in «maU do«e« 
When cough is the most prominent symip- 
tom codeine is u«ed 
A number of methods have proved 
le s or even harmful in the treatment of 
phosgene poi oning these include atropine 
pla ma parenteral fluid and cardiac and 
respiratorv stimulants such as adrenalin 
ephedrine benzedrine coramine metrazol 
and alcohol Iene«ection has not proved 
benefiaal and la always definitely harmful 
particularly if it la practiced during the 
shock like slate 

Chlorpicnn The efiects of this agent are 
e^ entially the same as tho«e of phosgene 
and the treatment is the same It la bon 
ever quite imtatmg to the eves and is 
more destructive than pho«gene to the 
bronchiolar epithelium SvTnptomaiic treat 
ment is sufficient if the mjurv to the eyes 
la mild 

Chlorine The immediate symptoms of 
chlorine poisoning which include burning 
in the throat coughmg and a «en«e of suffo 
cation are the result of injury to the upper 
reapiratory tract Chlonne however is ex 
tremely irritating to the entire re piratorj 
tract The treatment is the «ame as for 
phosgene poi omng 


Sternltators 

Sternutators are di'per'ed by heat as 
cmokes The group includes diphenylamine 
chlorarsine (adamsite) diphenv Ichlorar 
sine and diphenv lev anarsine The medical 
a«pects of all three agents are similar 

These poisons irrjtate the nose sinuses 
throat and eyes The svmptoms include 
pain and a feeling of fullness in the nose 
neadache a sensation of burning m the 
throat tightness in the chest very se\ere 
coughing and sneezing lacnmation fre 
quently nau ea and vomiting sometimes 
mental depression 

Except when actuallv vomiting the pa 
tient should wear a gas ma«k during ex 
posure to these agents The inhalation of 
chloroform at intervals brings considerable 
relief Prompt recovery is the rule in all 
cases 

SVSTEMIC PO SONS 

The primary effects of this group of 
poisons are produced after they are ab 
sorbed into the bodv 

Hydrocyanic Acid This awent produces 
its effects by combination with an enzyme 
es^ntial for proper oxidation within the 
tissues The respiratory center is particu 
larly susceptible In high concentrations 
there is an increa'^ed depth of respiration 
within a few seconds followed by convml 
sions in 20 to 30 seconds and cessation of 
respiration within 60 'seconds The heart 
beats for •several minutes longer 

As soon as the gas ma<=k is applied two 
ampules of amyl nitrite are crushed and 
placed beneath the facepiece this procedure 
being repeated everv three to four minutes 
until eight ampules have been given The 
nitrites immediately form methernoglobm 
which competes with the enzyme in taking 
up the cyanide WTien it is available 10 cc 
of 1 per cent codium nitrite •should be m 
jected intravenouslv over a period of one 
mmute everv 10 minutes until a total of 
aO cc has been given each injection of 
nitnte is alternated with the intravenous 
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Tio. 1062. {Lejt) Localization of for- 
eign bodies by triangularization 
A = tube sbUt distance plus distance 
between center of shadows on film 
(base of first triangle) 12 cm. + I 
cm. s= 13 cm. 

B = target — film distance (altitude of 
first triangle) 60 cm. 

C s distance between shadows on fifm 
(base of second triangle) 1 cm. 

X= depth of foreign body from film 
(altitude of second triangle) 

A:B = C:X 
13 : 60s= 1 :X 
X = 46cm. 

Fic. 1063. (Right) Mechanical device 
for depth estimation in similar right tri- 
angles. 

A = distance of tube shift 
B = distance of fluoroscopic screen or 
film from tube target. 

C = distance of movement of foreign 
body on fluoroscopic screen or film 
in the two exposures. 

X = altitude of the second right tri- 
angle, and is distance of foreign 
body from film or screen 
Deducting distance of film or screen 
from skin gives depth iiom skin of for- 
eign body. 

the exposures in several different planes to 
demonstrate a shadow by the thickest plane 
of the foreign body. 


LOCALIZATION BY BIPLANE 
FLUOROSCOPY AT RIGHT 
ANGLES 

If the foreign body is visible fluoroscopi- 
cally the point of entrance and exit of the 
central ray through the body may be 
marked on the upper and lower skin sur- 
faces; then, without changing the position 
of the part, similar entrance and exit marks 
are made on the lateral skin surfaces at a 
90® angle to the central ray beam of the 
first procedure. The foreign body must then 
lie at the point of intersection of the right- 
angle beams. 

REMOVAL UNDER DIRECT GUID- 
ANCE OF FLUOROSCOPY DURING 
TIME OF OPERATION 
This is one of the most practical and 
rapid methods With the modern shock- 
proof equipment operated behind a sterile 
sheet and a hand fluoroscope enclosed par- 
tially in a sterile covering, it is compara- 
tively easy to obtain a view in the lateral 
plane and to maintain a sterile field. To 
obtain the view from top to bottom of the 
part, the patient is operated upon on the 
regitlar fluoroscopic table and the fluoro- 
scopic screen frame is covered with a ster- 
ile cover, leaving a six-inch square on the 
top of the screen uncovered for visibility 
Directions may then be given intermit- 
tently and the screen moved out of the 
field during the interval If the foreign body 
is metallic and 1 cm or more in size, the 
operator, even without e>es accommodated, 
can usually see the shadow and its relation 
to his instrument. 

Needless to say, this method should be 
used only by one having full knowledge of 
the effects of x-rays on body tissues, for an 
excessi\e amount of radiation is certain to 
cause deleterious effects on any tissues in 
its path in either patient or operator 

NEAREST-POINT METHOD 
The point on the skin nearest the foreign 
body may be determined for many bodies 
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m the extremities, neck, and superfiaal 
strncluTe during fluoroscopic examination 
A metal tipped palpating rod is used to 
make pressure and mo\e the tissue in the 
region of the foreign bodj The point on 
the skm where the maximum moxement 
of the body is obtained is its closest point to 
the skm Bj \iewing this area in profile 
ivith the palpating metal tip on the skin 
point, the depth of the body maj be verj 
accurately determined 

DEPTH DETER'\II^ ATION BY 
COMPUTATION FROM RIGHT 
TRIANGLES 

For practical work this may be earned 
out either bj film or b> fluoroscopic meth 
ods, either of which mil determine the 
depth of a foreign bod> from the skin sur- 
face within a fraction of a centimeter 
The principle of the method is dependent 
upon the fact that in similar right triangles 
the ratio of the ba^e to the altitude of one 
is equal to the ratio of the base to the alti 
tude of any other similar right triangle 
The ba'se and altitude of one right in 
angle is knonn, le the altitude is the 
distance from the tube target to the film or 
screen, and the base is the distance of the 
tube shift plus the distance between the 
shadows of the foreign bod> of the film or 
screen from the two exposures The base of 
the other similar right triangle is the dis 
tance between the shado■\^s of the foreign 
body as measured on the film or screen 
The altitude of this second similar nght 
triangle is the distance of the foreign body 
from the film or screen (radiographic or 
fluoroscopic method) and represents the 
distance of the foreign bod} from the skin 
surface if it is in contact with film or screen 
If not in contact, of course, this distance of 
separation must be subtracted from the dis 
tance determined for the altitude to obtain 
depth from skin surface 
The accurac} of the method (Fig 1062) 
depends on 

1 The exact centering of the foreign 


body shadow mth the smallest dia 
phragm opening by which it is visible 
on the screen (mark the skin surface 
at this point) 

2 Centering of the tube exactly over this 
point , 

3 Shifting the tube a definite distance 
(a 12 cm shift is practical) , 

4 Keeping the film or screen stationarj 
during both exposures 

Ingenious methods of rapid calculation 
have been worked out b> the use of arbi 
irary measurements to represent centime 
ters, and there are also ingenious mechani 
cal devices to find quickly the unknown 
altitude of the second triangle A device 
described m the U S Army X ray Manual 
(first edition)'® is both accurate and simple 
(Fig 1063) 

Where a large number of cases are to be 
bandied it is necessary to organize teams 
for this work, and obviously both the x ray 
and surgical teams should be familiar with 
the uniform method used 

Reid and Black" have prepared an excel 
lent bibliography on the subject and have 
described a fluoroscopic method recom 
mended for u«e in the U S Army 

The important point for centering all 
fluoroscopic work is to use the smallest 
diaphragm by which the foreign body is 
visible on the screen 

A suitable ink for marking the skin is 
the Finzi ink 


Pyrogailic acid 

1 

Acetone 

10 

Liquid chloride of iron 

4 

Wood alcohol q s 

20 
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Abbott, Leroy C , 245 
techiuc for arthrodesis wrist, 446 
for shoulder, bursa wall, excision of, 436 
ior tvrist, arthrodesis 446 
Abdomen, injuries to, military, 1231 
poliomyelitis, paralysis of, convalescent 204, 207, 
203 

chrome, 249, 250 
Abscess, Brodie’s, 492 
iliopsoas, drainage of, 429, 430 
infection in, gas, treatment of, 675 
pelvic, drainage of, 429, 430 
in Pott’s disease, 380 
subperiosteal, osteomyelitis, 489 
in tuberculosis oS joint, sacroiliac, 3S2 
to tuberculous coxitis, 394 
Acetabuloplasty for arthritis, degenerative, 421 
for epiphyses, slipping of, 510 
of hip, Smith Petersen technic for, 45?. 459 
for malum coxae seiuhs, 421 
Acetabulum, fracture of, 421, 437, 459, 510 
femur, 995 
pelvis, 806 
reduction of, 805 
Achilles tendon, 312, 475 476 
Aciullobursitis, 329 
Achondroplasia, 39, 47 
Acromioclavicular sprain, 1149 
Actinomycosis, bone, 503 

Adhesions, extra articular, of elbow, mobilization 
in, 443 

Akerraan technic for malar bone, fractures of, 701, 
702 

Alar fat pad, 1074, 1075 
Albee Compere table, in fractures, 627 
graft, for low back pain, 297 
spinal fusion, for low-back pain, 297, 298 
technic, for reconstructive bone-graft, 679 
for Pott’s disease, 376, 378 
for tuberculous coxitis, arthrodesis in, 392 , 393 
Allen, Frederick M , and Lyman Weeks Crossman, 
566. 567 

American College of Surgeons, Bone Sarcoma Reg- 
istry of, 330, 351 
tumors, classification of, 335 
Committee on Fractures of, plate-and screws rec- 
ommended by, 619 
Amputation, 515-614 
after-treatment in, 526 
anesthesia for, 524 
of ankle, for military injuries, 1237 
PirogofI technic in, 536. 537, 541, 54^ 552, 553 
Syme technic in, 536, 537, 542, 552, 553 


Amputation — {Coii/iniicd) 
of arm, 526, 533, 609 611 
with arterial obliterative disease, chronic, 558 
in arteriosclerosis nomliabetic, 603 
cmeplastfc, 606 612 
complications of, 555 
congenita] 519, 520, 609 
with contracture, flexion, 555 
in diabetes, 558 605 
disarticulations and protheses, S17 557 
in disease, vascular, 558 605 
of elbow, Kocher technic in, 532 
of endothelioma bone, 350 
of extremity, lower, 38 518 535, 539, 578 
upper, 526 529 
of femur 536 547 

Callander technic in, s38, 539, 544, 543, S9I, 
i92 59:> 

diabetes with, 588, 590, 599 
Gritti Stokes techmc m, 538, 539, 546 
Sabaoejeff ischnic for, 539, o46, 547 
of finger, 527, 527, 528, 530, 531 
flap technic in. 522 
of foot. 335, 536, 5V. 540, 541 
of forearm. 531, 606, 60S. 610, 607 611 
with gangrene, 519, 558, 539 
with gas infection. 554, 555 
general considerations in 517 
guillotine See specific amputations 
with hair follicles, infection ot, 556 
of hand, 530 . 531 
with hemorrhage, 555 
of hip, technic for, 548 
incision in, racket, 523 
ivith infection, 519 
of injuries, 519 
instniments m, 524 
interscapulothoracic, technic in, 534 
of jomt, techiuc for, 531 
of knee, technic m, 344 
of leg. S43. 580, 582, 583, 584, 586 , 598 
of liposarimma, bone, 352 

major See also, Amputations of lower extremity 
and Its section 

artenosderosis in, nondiabebc, 604 
in diabetes, 574-577, 577. 597, 600-603 
thrombo-angiitis obliterans wxth, 605 
midthigh, 547 

mmor, in arteriosclerosis, nondiabetic, 603 
in diabetes, 563 565, 572 
in thrombo-angiitis obliterans, 605 
midtarsal See Chopart technic, 536, 541, 553 
with protheses See Protheses 
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Amputation — (Continued) 
with re*amputation, 555, 556 
of sarcoma, 343, 352 
with shock, 520, 555 
m shoulder, 533, 534, 534, 535 
site of, in extremities, 521 
stump of, 526, S4S, 597 
with synovioma, 357 
technic for, 522-524 
with tetanus, 555 

of thigh See Amputation, of femur 
in thrombo-angiifis obliterans, 558, 604 
of thumb, 528, 529 , 530 
of toe, 518, 535, 540, 568, 569, 570. 571 , 572 
transcondyloid, 539, 546 , 547 
in tuberculosis, 371, 394, 405, 412, 519 
of wnst, 529, 531 

Analgesia, skin, m sprains, treatment of, 1140 
Anderson apparatus, for fractures, 995, 1022 
Anemia, with carcinoma, metastatic, bone, 352 
Anesthesia. See also specific operations 
for amputation, 524 
mmor, in diabetes, 565 
for ankle, 1107, 1159 
for back, myositis, 308 
for femur, 984 
for humerus, 853, 858, 861 
for low'back pain, 295 
for mandible, 716 
refrigeration, for extremities, 566 
for scapula, 848 
for sprains, 1139 
Angioma, 339 

Angle’s brass ligature wire, for mandible fractures. 

722 

Ankle, 312, 475, 476 
anatomy ot 1094, 1095-1096 
arthritis of, with sprains, 1161 
arthrodesis of, 476, 477 
arthrotomy of, 435 
aspiration of, 425 

bilateral fractures of, 1099, 1100, 1102, IIOJ 
blood vessels, injuries of, military, 1236 
bodies in, loose, 435 
bursitis of, 327-329 
deformity of, valgus, 30, 32 
fractures of, 1094-1129 
chip, 1160 

comminuted, 1110, llll, 1113 

with dislocations, 1097, 1101, 1102, 1103, 

nos, nos, 1107, iios, 1109, 1110 

inversion, 1105 
reduction of, 1095 
unilateral, 1097, 1099 
incisions for drainage of, 429, 431 
injuries to, military, 1235, 1237 
ligaments of, 1142, 1143 
lymp/ierfema of, in sprains, 1161 
malleolus of, 1096, 1097, 1142 
necrosis of, 1161 
nerve injuries to, military, 1236 
osteotomy of, 476 
pohomjelitis of, 228 
sprains of, 1142, 1158, 1159, 1161 


Ankle — (Conltnued) 
treatment of, surgical, 475 
tuberculosis of, 400 
Ankylosis, bony, 461, 462 
of elbow, 443 
of hip, 449 , 450 
of joints, 72 

Anomalies, congenital, 1-198 
of extremity, lower, 518 
upper, 3-16 

of shoulder girdle, 16-18 

Antitoxin, for gas infection in injuries, military, 

1244 

Apophysitis, calcaneus, of epiphyses, 512 
Appliance, Moore and Blount, for gooseneck fixa- 
tion, osteotomy, 452 

Applisutces, corrective, for genu valgum, 12l, 122 
Arch supports, for flatfoot, 142 
Arm, amputation of, S26, 533, 609-611 
prothesis for, permanent, 552 
spastic paralysis of, 263 

Army, infantry division of, diagrammatic organi- 
zation, 121S 

medical battalion, 1217-1220 
detachment, 1216 , 1216 
hospitals, 1220 
medical depot company, 1220 
regiment, 1216 
Medical Department of, 1213 
administration and command, 1213 
battalion aid station of, 1227 
battlefield, and first aid on, 1227 
casualty estimates, 1224 
clearing station of, 1227 
collecting station of, 1227 
Corps of, 1225 
evacuation hospital o4 1228 
field force of, organization of, 1221-1223 
theater surgeon of, 1222 
first aid station of, transportation to, 1227 
general hospital of, treatment at, 1228 
general management of battle wounds, 1228 
hospital beds, requirements of, 1223, 1224 
personnel, 1214 

professional care of wounded, 1225-1245 
service in infantry, 1214 
supply, 1214 
technical division, 1213 

treatment prior to admission to first hospital, 
1227 

Arsine gas. 1250 

Arteriosclerosis, with gangrene, 556, 559 
nondiabetic, amputation with, 603, 604 

Arthntis, 417-479 
Seealso specific joints, fractures of 
acute pyogenic, 417, 418 
of ankle, with sprains, 1161 
chronic pyogenic, 419 
degenerative, 421, 422 
foreign-body with, 422 
hemoj^ulic, 422 
lorpcrtrophie, of spine, 1145 
nenrotrophic, 423 
pyogenic, of hip, 433 
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Arthritis — {Continued') 
iheumatoid, 420, 421 
septic, 432, 433 
sprains with, 1143 
subacute pyogenic, 418, 419 
tra uma tic, 133, 422 
Arthrodesis, of ankle, 403, 476 477 
for arthritis degenerative, 422 
pyogenic, chronic, 419 
rheumatoid, 421 
of carpal scaphoid, 952 
of elbow, 439 

o! epiphy«es, slipping of, 509 
of foot, 223 

ofhip, 219, 221 454,454-457 
of knee, 227 470, 471 

in poliomyelitis, chronic, foot with clawfoot 210, 
214, 219 , 221 227, 233 
of shoulder, 210 431 437, 43S 
subastragalar, 233 240 

subtalar of foot, unstable with poliomyelitis 235 
240 

tnple 233, 240 
of foot, 477 

m tuberculosis, of ankle, 403, 404 
of elbow, 410-412 
of joint, sacro-iliac, 333 
of knee, 396, 397. 39S. 399 
of shoulder, 407, 40T, 403 
of wnst, 414, 414, 41S 
in tuberculous co'^itis 339 
of wnst 214, 446, 447 

Arthrogryposis multiplex congenita 72 73 74 7s 
Arthroplasty, m arthntis 419,422 
of elbow, 440, 441, 441, 442. 912 
of epiphvses slipping of late stage la 310 
of finger 449 

of hip, 405,439, 459, 460 461 
of joints, metacarpophalangeal, 443 
of knee, 471, 473 
of shoulder, 437 
Arthrotomy , of ankle, 435 
of elbow, 434, 912 
of hemangioma, of joint 357 
of hip, 434 
of joints, 434 
of knee, 435 
of shoulder, 434 

^shhurst technic, humerus, for «upracondyIar frac- 
tures of, 862 
Aspiration, of ankle, 425 
of elbow, 424, 881 
of hip, 434 
of joint 423 
of knee, 425. 1029, 1054 
of shoulder, 424 
of -J.T1 t, 424 

^stragalectomy, with poliomyelitis, of foot 237 

-\s^galuj 1114, 1115 

Ataxia, in para!vsi«. 267 

Athetosi-, m paralysis. 266 

Atrophy, Sudeck’s 686, 1161 

•Avertin, mandible, fractures of, 718 


Baalli, gram negative, penicillin for, 673 
BaoUus prodigiosus toxin, for bone endothelioma, 
350 

weldui, in amputation, with gas infection, 554, 
555 

Back, affections of, 276-332 
bursae of, affections of, 276-332 
fasaae of, affections of, 276-332 
specihc, 307-316 
fibrositis of, 307 

ganglia of, affections of, 276-332 
liunchback of, 372, 376 
lower, pain of, 277-306 
muscles of, affections of, 276 332, 307-316 
myofasatis of, 307 
myofibrositis of, myositis of. 307 
myositis of. 307, 308 
ossificans of 309 
round adolescent 51 1 
tendons of, affections of 276-332 
tpecific, 307-316 

Bactenemia, m amputation major, in diabetes 574 
in diabetes m amputation, major, 574 
osteomyelitis, 480, 4S5-4S8 
Bacteriophage, for bactenenua, in osteomyelitis, 
biologies m, 4S8 
Baer manipulation 277 306 
Baker’s cyst 330, 331 473 
BAL ointment 1248 
Balkan frame 597. 803 
Bandages for fractures of mandible 718, 719 
plaster See also Casts plaster 
for clubfoot S6-SS 
for foot 86 90 
for hip 107 

Bands i’fc afro Constrictions Contractures 
of extremity lower, congenital 39 
fascial of clavicle with dislocation> 830 
of leg congenital 46 

Bankart technic scapula with recurrent disloca- 
tions 843 842 

Bars, single-arch for mandible fractures 722, 725 
Barton bandage, for mandible fractures. 718, 719 
“Baseball fractures, 978 
Beckman, Fenwick, 4S0-49S 
Bell table, for fractures, 625 
Bendixen clamp 642 
Bennett fracture, 967, 968 
technic, for tendon, quadriceps lengthening of 
464, 465, 466 
Berger inasion, 534 
Biceps tendon 846 
Bickfaam masion, SSO 
Bifurcatiou, m osteotomy, 452 
BtUii^oo operation, 214 
Biologies, for bactenemia. 4SS 
in fractures, 692 
for osteomyelitis, 483 

Biopsy, aspiration, of «3rcoma osteocenic, 341 
of endothelioma, bone, 349 
of myeloma, plasma-cell, 350 
surgical, of «arcotna, osteogemc, 342 
BIPP gauze. 671 



IV INDEX 


Birth fractures See specific bones, fractures of, 
birth 

injuries, 1189-1209 
Blake splint, S88, 389, 657, 658, 659 
Blastomycosis, bone, 503 
Blebs, in elbow and humerus, 883 
Block, bone, 237, 240. 456, 457, 464 
nerve. See Nerve block 
Blood See also Plasma 
gravity, specific, 663 
level, with sulfonamides, 674 
transfusion for, injuries, military, 1228, 1245 
Blood-vessels, puncture of, 813 
of ankle, 1236 
of elbow, 874 
of femur, 1002 
Blount, 4S2 

Blount-Moore apparatus, femur, for fractures of, 
993 

Bodies, foreign, Roentgen ray and, 1251-1253 
intra-articular, in sprains, 1136 
Dohler stirrup for femur fractures, 1030 
technic for fibula fractures, 1086 
for metacarpal fractures, 969, 971 
for os calcis fractures, 1125 
for radius head fractures, 907 
for sprains, 1134 
for tibia, shaft fractures, 10S6 
Bohler-Braun splint, for fibula and tibia sliaft frac- 
tures, 1086 

Bone, actinomycosis of, 503 
alignment of, in fractures, compound, 691 
atrophy of, in sprains, 1144 
blastomycosis of, 503 
brittle, 43, 47, 50. 501 
cyst, 33S-3S9, 499 
Roentgen-ray in, 340 
treatment of, surgical, 339 340 
diseases of, 365-515 
miscellaneous, 499-504 
echinococcus in, 503 
facial, 697-702 
in granuloma, 503 
infections of. miscellaneous, 499-504 
malar, 699-702, 701, 743, 745 
maxillary, 699-702, 701, 704-708, 738. 739, 743, 
745 

nasal, 697, 698, 698 
necrosis of, aseptic, 1136 
pegs, autogenous, 990 
pubic, 800, 801,802, 803 
Sarcoma Registry, 350, 351 
semilunar, 447, 953-955, 958, 959, 960 
in syphilis, 502 
in tuberculosis, 367-416 
tumors of, 335-359 
Bone-block, for foot, 237, 240 
for hip, 456, 457 
for patella, 464 
for poliomyelitis, 237, 240 
Bone-graft, in fibula, 58, 60 
in forearm, 941 
in fractures, 677 


Bone-graft— (Con tiMuerf) 
in low-back pain, 296 
in Pott’s disease, 376, 377 
technics for, 678 
in tuberculosis of ankle, 401 
of elbow, 410 
of wnst, 414, 415 
Bosworth appliance, for leg, 241 
Boszan technic, for femur neck, 990 
Bowleg, 124-127, 468, 469 
Boyd technic, for amputation of foot, 536 
for fractures, 680 
Boyer clamp, 642 
Brace(s), S17-SS7 

ambulatory, (or os calcis fractures, 1124 
in Pott’s disease, 374 
for clavicle, 822, 825 
corrective, for genu valgum, 122, 125 
for dbow, flail, 409 
m low-back pam, 286 
for poliomyelitis paralysis, 205 
for spine, 1144 . 1145 
Taylor spinal, for Pott's disease 375 
for tibia fractures, 63 

in tuberculosis, with elbow excision, 411, 412 
of sacro iliac joint, 3S6 
m tuberculous coxitis. 389 
watking-caliper. for tuberculosis of knee, 395, 397 
for tuberculous coxitis, 338 , 369 
Rracbial plexus. 846, 847, $48 
Bradford frame, for fractures, 637 
in Pott's disease. 373 
in tuberculosis of knee, 395 , 397 
tn tuberculous coxitis. 388, 389 
Drandes method, for genu varum 126 
Braun fTame, (or iTacturcs, 633, 1010 
Brewster, A H, 101-118 
Brighton, George R , 697-702 
Bnstow coil, 683 

Drodie's abscess, in osteomyelitis, 492 
Brophy needle, m mandible fractures, 731 
Bryant technic, for fractures, 637, 1007 
Buck's extension for fractures, 803, 806 
Bunion, bursitis, 329, 330 
of great toe. 127. 128, 129, 130, 131, 132, 251 
tailor's, 132 

Bunnell operation, for poliomyelitis paralysis, 217 
technic, (or ganglion, of joint, 3S4 
for tendons, 1169. 1170 
Burns, in injuries, military, 1237 
treatment of, 615, 616 

Bursa, shoulder, wall of, excision of, 436, 437 
subdeltoid, injection of iio'ocain in, 435 
irrigation of. 436 
Bursae, affections of, 317-332 
back, affections of, 276-332 
Bursitis, 320, 329 
acute, subdeltoid, 320 
Roentgen-ray in, 322, 323 
with bunion, 329, 330 
bursitis, popliteal, 330 331 
calcaneal. 337-329 

chronic, subdeltoid, 323, 324, 325, 326 
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Bursitis — (Continued) 
with clubfoot, 330 
with gout, 329 
with hallux ^•aIgus, 127 
iliopectineal, 331 
with infection, remote, 327 
infectious, 326 
ischiogluteal, 331 
of knee, 330 
of olecranon, 331, 332 
pyogenic, 326, 327 
radiohumeral, 332 
retrocalcaneal, 329 
shoes for, 330 
subdeltoid, 320 
in syphilis, 327 

treatment of, nonsurgical, 320 
trochanteric, 331 
in tuberculosis, 327 


Calcaneal spurs, 478 

Calcaneus, apophysitis of, epiphyses and, 512 
Caldwell, Guy A. 317-332 
John A , 850 868 

pm lugs, for fibula and tibia fractures 1088, JOSS 
technic, for humerus shaft fractures, 860 
Caldwell Luc technic, for malar bone fractures 702 
Callander technic, for amputation of femur, >3S 
539, 544, 543 
m diabetes, 591 , 592 595 
Calot jacket, in Pott's disease. 374 
Calve Perthes disease, 510, IJ5S 
Cameron light, for giant cell bone tumor, 337 
Campbell fusion, for low back pain, 302 
semilunar caitQage c>st, 356 
technic, for anUe, 1095, 1099 
osteotomy of, 476 
for arthroplasty of elbow, 440 
of hip, 45S, 459, 460 
of knee, 471, 473 
for elbow, arthroplasty of, 440 
dislocations, 912 
with poliomjelitis paralysis, 211 
for hip, ankylosis of, 451 
arthroplastj of, 439, 460 
for knee, arthroplasty of, 471, 473 
genu recurvatum of, 224 
ligaments, 1064, 1070, 1074 
menisci of, 1057 
for osteotomy, of ankle, 476 
for patella dislocations, 1048 
fractures, 1043 

for poliomyelitis paraljsis of elbow, 211 
of knee, 224 

in tuberculosis of ankle, 403 
of sacro-iliac jomt, 3^ 

Capitate See Carpus, os magnum bone of 
Capitellum, epiphjsis of, separation of, 895 897 
Wilson, 223 
for fingers, 448 
Capsulotomy, posterior, 466 
Caranoma (bone), metastatic, 352, 353 


Carothers, Ralph G, 1079 1093 
technic, for fibula and tibia 1088 , 1089 
Qirpus See also Wrist 
cuneifonn bone of, 955 
dislocations of 944, 957 
fractures of 944 965 
rmdcarpal joint of, 961, 962 
os magnum bone of 956, 963 
pisiform bone of 961 

semilunar bone of body of, fractures of, 953-955, 
954, 958, 9S9. 960 
trapezium bone of 956, 963 
trapezoid bone of, 956, 962, 963 
unciform bone of 95 J, 957, 962, 963, 964 
Carrel technic for compound fractures, 671 
for knee, 1063. 1072 
Cartilage exostoses of multiple 51 
of knee. 464. 473, 474 
Oirtifages, costal, fractures of 809-818 
Cast, plaster See also Bandages plaster 
in arthritis 418 420 
in clubfoot. 77 . 83 84 85 
for spine, JJ44 , 1145 
in tuberculosis of ankle 405 
of elbow, 409 
of wrist, 414 

Cave technic for knee menisci 1058 , 1059 
Cellulitis in amputation 564 
anaerobic m injuries military 1243 
in infection 675 

Cervix, fractures of See Spine centcal fractures 
of 761, 765.767.793 1194 
Chandler fusion in low back pain 300 
Charcot joint, 423 1137, 7740 
Checkreia for <capuU SJP 840 
Oiemotherapy, 672 See also specific substance as 
Penicillin Sulfanilamide etc 
m amputation, 555 
m arthntis, 417 418 
m Baallus welchii, SS5 
m bactenemia and osteomyelitis, 487 
for fractures, 672, 692 
in gonococcus in arthritis 418 
in injuries military, 1229 
in mandible, fractures of 736 
inosteoni>eiitis 484,487 
for staphjiococcus, m arthntis 417 
Chest, contusions of, 809 
Chip fractures See specific joints 
Chlonne gas, 1249 
Chlorpicnn gas, 1249 
Chondrodysplasia defoiming 51 52 
familial deforming 336 
Chondrodystrophia foetalis, 41 , 48 
Chondrodystrophy, 39, 41, 47 
Chondroma, 346 
of bon^ 336 
multiple, 354 
with osteoma, 336 
of tendon, 363 
Chondromatosis, 354 
Chondromyxosarcoma 336, 343 
Chondro-osteodystrophy, 41 
Chondrosarcoma, of humerus, 535 
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Cliopart technic, for amputation of foot, 536, 541, 
553 

Chuck, Jacobs, S50 
Cmeplastic amputations, 606 612 
Damps, bone, 642 
Clavicle, dislocations of, 828-831 
fractures of, 821, 822, S2S, 827, 827 
birth, 1193, 1194, 1195 
lilfaments of, rhomboid, 828 
outer, dislocation of, 828, 829 
sternal end, 15, 16 
CUwtoe, 135-137, 136 

Clermont technic, for scapula, dislocations of, 841 
Cleveland, Mather, 201-252 
Clostridia, 675 
Clostridium infection, 675 
perfringens, 554, 555 
Clubfoot, 38. 45, 72, 73. 74. 75. 239 
associated with forefoot deformity, 76, 83, 84, 85, 
86, 87, 92 

toes, absence of, 96, 98, 99 
with bursitis, 330 

congenital. 69. 76, 81, 81-84, 82. 85, 87 
operation for, 77 
recurrent, 92, 93 

treatment of, 32, 38, 77, 78, 86-88 
Cocaine, for nasal bones, fractures of, 698 
Coccidioidal granuloma, 503 
Coccyx, fractures of, 798-803, SCO, 801 
Cochrane technic, in humerus, fractures of, 892 
Codeine, for fractures, treatment of, 660 
Codman criteria for scapula, 844 
technic, for bursitis, 325 

Coheld manipulation, 291 {Set Low-back pain, 
nonsurgical treatment of, manipulation in) 
Coley, Bradley L, 335-3S9 
Coley's toxins, for bone endoth«Iic«ma, 350 
for myeloma, 351 

Collar, plaster, for spine, cervical fractures of, 764 
Colles’ fracture 640, 643, 936-938, 1181 
Colonna, Paul C , 517-557 
reduction, for hip dislocation, 116, 117 
Committee on Fractures, American College of Sur- 
geons, 649 
Compere table, 627 

Complications, acute pleuropulmonary, of rib frac- 
tures, with shock, 815 
Compound fractures, 664, 689-693 
Condyle(s) See specific bones 
Constriction See also Contracture 
congenital, of extremity, lower, 38, 44, 45 
upper, 38 

congenital, of leg, 45 
of toes, 45 

Contracture. See also Constriction 
congenital, of fingers, 46 
of hips, 46 
of knees, 46 
of shoulder girdle, 46 
of toes, 96, 97 
flexion, in amputation, 555 
of femur, 467 

in paralysis, obstetric, 270-272 
of toe, 135-137, fid 


Contusion, of muscles, 1167, 1168 
Conwell technic, 398, 399, 1021 
Cornua, semilunar, 953-955, 958, 959, 960 
Coronoid process, 904, 905 
Cotton’s classification, of ankle, fractures of 1103 
technic, for ankle fractures, 1102 
for knee, ligaments of. 1063 
for os calcis fractures, 1118, 1119, 1120, 1122 
for scapula Inceps tendon of, 846 
Coxa anteverta, 509, 510 
vara, 29. 51, ii 
adolescent, 509, 510 
Craniocerebral injuries, 1230 
Cr^o operation, for knee, 225, 226 
Grossman, Lyman Weeks, Allen and Frederick M , 
566, S67 

Crutchfield tongs, for spine, cervical fractures of, 

761 

Cubbms technic, for acetabulum, fracture of. 806, 
995 

for femur head, dislocation of, 995 
for knee, crucial ligaments of, 1068, 1069 
for scapula, dislocations of. 839 
Cu If, musculotendinous. 1172-1176, 1180, 1181 
Cuneiform bone, carpus, 955 
Curtis technic, for malar bone, fractures of, 701, 
702, 724 

Cyanogen chloride gas, 1250 

Cyclopropane, for anesthesia, in amputations, 524 

Cyst, bone, 339, 340 

cartilage, of knee treatment of, surgical 474 
semilunar, 355, 356 
of knee, with eMernal cartilage, 474 

Dakin’s solution for bone cyst, 340 
for fractures. 671 
(or giant-cell bone tumor, 337 
■•Dancing ’ fracture, 1125, 1126-1128, 1136. 1161 
Darrach, William, 689-693 
elevator, 642 

and forearm fractures 925 
irrigation, 320 
and synovioma. 357 
Davis, Arthur G. 749-797 
incision, for ankle, 429, 431 
Debndement, of injuries, military, 1229 
of patella fractures. 1042 
Decancellation operation, for clubfoot 77 
Deformities, I-!^ 
m arthritis, rheumatoid, 420 
Delageniere graft for low back pain 296 
Denuce method for hip congenital ilislncatioo of 
ii2.HS 
DeSanto. 355 

Diabetes, with amputations 556-605 
femur, 588. 590 591 592-595. 599 
guillotine, of lower extremity, 578 579 593 
of lower leg 580. ■'52 583,521 597 598 

major, 574 
anesthesia for, 563 
bactertemia in. 574 
draping for, 576. 577 
gangrene in. 575 
infections in, 574, 600 
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Diabetes — {ConUntied) 
tnaj or — (Ccnltn tied) 
lymphangitis m, ‘'/a 
mobilization m 001 
pain wth, S7 j 
postoperatete care of, 597 
preope^atl^e care of 564,575 
protheses for, 602, 603 
secondar> conditions in, 601 
stnrnpof, 600, 601 
techniL in, 5/6 
metatarsal, of toe, 570 572 
minor anesthesia in 565 
postoperative care of 597 
preoperatjve care of, 564 
stump of poctoperatue care of 597 
of toe 56S, 569, o70 ‘'71 
with extremity, lower amputation of, 578, 579 
with femur amputation of, SS8, 590, 591, 592 PVa, 
399 

with lower leg amputation of SSO SS2 583 'S4 
mellitus i"' <■ Diabetes 

with toe, ampuution of S6S 570 *“6 •■'I 572 
Diatherm>, of back myositis 303 
ot bursitis, 326 
for fracture' 682 
Dickson Frank D,, 367 416 
modification, for tuberculosis, of knee, 39S 399 
operation for abdomen, 250 
for poliomyelitis, of abdomen, 250 
paralysis, with hip 221 222 
Digitalis, for muscle' uijunes to 1166 
for tendons injuries to, 1166 
Digiti quinti varus, 132 
Digits, 5 

Disaruculation. See Amputation 
Disease, chronic obliterative arterial 556, 558 559, 
£64 {See aUo ‘imputation in diabetes) 
wiUi amputations 558 564 
vascular, with amputations, 553*605 
“Disk lesion,” of low back strain, 1146 
Dislocation' See alia Fractures 614-703 
of !3ce B9S-74S 
of spme, 749 797 
of trunk, 747-818 
Dissection, popliteal, of knee, 466 
Dor«aI wedge technic, for foot, 477 
Drainage, of abscess, 429 , 430 
in amputation, 564 
ot ankle. 429.431 
of elbow, 427 
in epiphysitis, 513 
in extretnitv lower, 42S 429 
upper, 425 
of finger, 426 
of hip, 42S, 429, 430 
of joint(s), 425 . 426 428, 429, 431, 432 
of knee, 429, 431 
of 'houlder, 423, 426 
of wn t, 426, 427 

Dressing, prc'sure, for fractures 670 
Drill, Lo’sejoy, 650 
Drop finger. 1182, 1183 


Dunlop technic, for humerus, fractures of, 91S 
Dysostosis cleidocranial, la. 16 


Ecdiymosis, with femur, 1005 
Echinococcus, of bone, 503 
Edema congenital, of extremity, lower, 23 
Edward technic, for knee, 1063 
Elastic bands, for mandible fractures 720, 730 
Flbow, absence of. congenital 74,16 
adhesions of, extra articular, 443 
amputation of, 532 
anatomy 869, 878 
ankylosis of, congenital, 14, 16, 29 
arthrodesis of, 439 (See also Tuberculosis of 
elbowr) 

arthroplasty of, 440-442, 441 (See also Tuber- 
culosis of elbow) 
arthrotoray of, 434 
aspiration of 424, 881 
blebs ui. 883, 884 
bodies in, 434 
bursitis of, 331, 332 
compound fractures of 876 
dislocations of 869 922 (See also specific boflcs 
in elbow ) 
backward 909*911 
divergent 916 
forward 914-916 
humerus m $77, 878 
treatment of 909 
unreduced 911*913 
drainage of, 426 427 
eptcondvlar marginal fracture of 1151 
epiphyses of, cartilaginous, 1203-1205 
extension of ankylosis in 443 
fibrosis oi 443 
flail, brace in, 409 
flexion of, 443 

fractures of, 869 922 (Ste also Elbow injuries 
to, and specific bones m elbow) 
compound, 876 
epicondylar, marginal 1151 
reduction o f B73 
side-svvipe. ’ 894, 895 
treatment of, 870, 874 
hemarthrosis of, 881 

humerus in fractures of, diacondylar, 890-893 
fractures of, supracondylar 620, 861, 862, 877, 
878 889. 915 

lateral condyle of, 893, 895 
immobilization of humerus m 880 
injuries to, 876 
ischemia in 88B 
ligament injuries of, II4S, 1151 
myositis ossiheans in, 887 
o*teochondntis di>secans of, 1125 
poliomyelitis paralysis of, 211 
radius in, dislocation of, 869-922 
roentgenographs of, 870, 872, 873 
spa'tic paralysis of, 264 
spraMv(s) of. 875. 890, 1150, 1151 
“temis elbow” of, 332 
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Elbow — (Continued) 
treatment of, surgical, 439 
tuberculosis of, 408-412, 411 
ulna in, dislocation of, 969-972 
Elevators, 642 
Ely test, 280 
Enchondroma, 346 
Endothelioma, bone, 349 3S1 
American College of Surgeons, Bone Sarcoma 
Registry of, 350 
amputation of, 350 
biopsy of, 349 

constitutional treatment of, 350 
Roentgen-ray in, 349 
Epicondylalgia, 332 
Epicondyles, of humerus, 862 
Epicondylitis, 332 

Epiphyses, acute slipping of, 506, 507 
affections of, 505-514 
in back, round, adolescent, 511 
in calcaneus, apophysitis of, 512 
cartilaginous, birth separation of, 1201 
of femur, birth separation of, treatment of, 
1207 

chronic slipping of, 508 
of femur, lower end of, separation of, 1038 
in Freiberg's disease, 512 
of humerus, lower, fractures of, 862 
separation of, 833, 889 
in Kohler's disease, 512 
late slipping of, 509 
in Legg'Calvj-Perthes disease, 510 
m Osgood Schlatter disease, Sit, 512 
slipping of, 505, 506 
Epiphysiolysis. 505, 506 
Epiphysitis, 513 
Etb's birth patsy, 267-272 
Erysipelas toxin, for endothelioma, 350 
Ethyl chloride, for sprains, 1140 
Ethyldichlorarsine gas, 1247, 1248 
Eucupin dih>drochIoride, 1139, 1141, 1142, 1145 
for sprains, 1139 
Ewing's sarcoma, 349-351 
of humerus, 534 

Exercise, corrective, for genu valgum, 122 
Exercises, in fractures, 622 
for humerus, 856, 886 
for muscles, injuries to, 1166 
pendulum, for humerus 832, 832 
for tendons, Injuries to, 1166 
Exostosis, 336 
of cartilage, multiple, 51, 52 
treatment of, surgical, 336 
Extensor longus pollicis, 1181 
bone injuries of, military, 1232 
injuries to, military, 1232 
joint injuries of, military, 1232 
refrigeration anesthesia for, 566 
Extremities. Sec also Extremity, lower, Extremity, 
upper 

in amputation, major, in diabetes, 597 
minor, in diabetes, 564, 565 
anesthesia for, refrigeration, 566 


Extremity, lower, amputation in, 43, 521, 535, 539, 
578, 579 See also Extremities and specific 
sections as femur, tibia, etc 
anomaly of, SIS 
atrophy of, 24, 27, 28 
bands of, 39 

constriction of, 38, 44, 45 
deformities of, acquired, 119-145 
congenital, 23-100 
hypertrophic, 23, 24 
hypoplastic, 24 
static, 119-I4S 

with diabetes, in amputation, 578, 579 
dislocations of, 981-1129 
fractures of, 931-1129 
emergency treatment of, 658, 6S9 
reduction of, 633, 63S 
function of, 208 
hypertrophy of. 23, 24 
hypoplasia of, 24 
injuries to, military, 1234 
joints of, congenital contractures of, 39 
drainage of, 428, 429 
in poliomyelitis, 208, 217 
protheses for, permanent, 553 
referred pain of, 1146 

upper. See also Extremities and specific sections 
as shoulder, wrist, etc 
amputation of, 521, 526, 529 
anomalies of. congenital, 3-16 
constriction of, congenital, 38 
dislocations of, 820-980 
extremity, upper, fracture of, reduction of, 634 
fractures of, 820-980 
emergency treatment of, 658, 659, 661 
function of, 206 

injuries to, military, 1233, 1233 
joints of, congenital contractures of, 39 
incisions for drainage of, 425 
muscles of, absence of, 17 
in poliomyelitis, 208, 210 
protheses for, 552, 553 
Eyes, injuries to, from mustard gas, 1246 

Face, dislocations in, 695-745 
fractures in, 695-745 
Faoal bones, fractures of, 697-702 
Fascia^ of back, affections of, 276-332 
m tow-back pain, 291 
speafic, 307-316 
tumors of, 360-364 

Fasciotomy of hip, extra-articular ankylosis of, 449, 
450,451 

Femur, absence of, congenital, 28. 29 
amputation in, 536, S3S, 539, 544, 543-547 
arrest of growth of, 244, 248, 24S, 249 
atrophy of, congenital, 28, 32. 40 
birth fractures of, 1197, 1198, 1198, 1199, 1202 
condyle of, fractures of, 1034-1036 
contracture of, flexion, 467 
deformities of, congenital, 28 
dislocation from, of tibia, reduction of, 1049 
end of, upper fractures of, 983-999 
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Femur — {Ccnlinticd) 

epiphyses of cartilaginous birth separation of 
1207 

Ios\er separation of 1038 
fracture of 618 
head dislocation of 994 995 
fractures of 994 

reck fracture^ of 983 985, 988 S89 990 990 
prothesis for 554 
shaft of anatoffl' of 1001 
blood vessels of 1002 

fractures of childhood reduction of 1007, 
1008, 707.? 
compound 1026 
displacement in. 1003 1006 
muscles of lOOl 
nerves of 1003 
shaft fractures of 1000-1027 
adult reduction of ambulatory 1022 
emergency 1008 1008 1009 
permanent 1010 

reduction wnth plaster fixation 1020 1021 
reduction of surgical 1023 1025 
traction for 1010 1012, 1014 1018 
supracondjlar iTactans ot 1028 
reduction of after care in 1036 
plaster fixation for 1028 1030 
surgical 1033 

traction suspension for 1032 
torsion of in poliomyelitis 228 
trochanteric fractures of 991 
external 991 
internal 993 

shaft involved in 994 997 
Ferguson and Hosvorth technic, for epiphyses m 
Legg CaUe Perthes 6sease 510 
Fibroma of fascia 36'’ 
of joints 3 6 
of tendon 363 

Fibrosarcoma of fascia 362 
of joints 3 3 
of muscles 361 
Fibrosis of elbow 443 
Fibrositis See under <pecific body section 
Fibula absence of congenital 2S 29 -sO o'* 3 j j6 
43 

anatomy of 1080 1081 
arrest of growth of 244 
deformity of congenital 23 33 34 42 
m genu valgum and genu varum 469 
osteotomy of for genu valgum and genu varum 
469 

pseudarthrosis of congenital 55 v 58 60 6’ 
64 

shaft fractures of 1079 1093 
diagnosis of 1079 
reduction of 1079 1086 
mtemal 10S9, 1092 7092. 1093 
plaster jacket in 1079 1082. J090 
Unna paste boot m 1083 7090 
traction for Caldwell pin lugs in 1088 
plaster 1085 109/ 
single-pin 1084. 1085, 1086 
1 homas sphnt for 1088 


Fibula — {Conlimtcd') 
shaft fractures of — {Contimted) 
traction m mult pie pin 7057, 1088 7059 
varieties of 1079 

with tibia m genu valgum and genu varum 459 
Finger(s) i'ce o/jo Thumb 
absence of S 10 32 4’ 
amputation of 527 5V 528 530 
arthroplasty of 449 
contracture of 7 S 46 
distal phalanges of 7752 1183 
hvpermobilitv of 7 

joints of incisions for drainage of 426 

metacarpoplialangcal joint of amputation in 531 

snapping treatment of surgical 448 

sprains of treatment of 1155 

stiffness of 443 

supernumerary removal of 5 

tenosynovitis of 312 

treatment of surgical 448 

trigger 448 

webbed 3 4 6 32 4> 

1 inzi ink, 1253 

Fischer operation for knee 2’S 2^6 
techmc /or knee 1055 7062 
Flap techmc in amputation 522 
Hatfoot 63 

congenital 6a 66 68 6S 69 
rigid 142 143 
stabilization of 30 
treatment of 37 

Flexion contracture of femur 467 
deformity of vvr st 443 
of elbow fixed 443 
of hip 4,9 450 

Fluids for gangrene arteriosclerotic diabetic S6l 
Fluoroscopy b plane for foreign bod es 1252 
Foot See also Flatfoot 
absence of congenital 43 
amputationof 3^0 535 5I6 j 540 J'’ 553 
anatomy of 1114 
arthrodesis of inple 477 
astragalusof fractures of 1114 1115 
bursitis of o27 329 
cavus deformity of 2^ 2j1 230 
claw foot of 229 

in poliomyelitis 228 2’9 231 ’34 
congen tal deformities of 63 
cuboid of fractures of 1117 
ctmeiform bone of fractures of 1118 
deformity of (congenital) equiniis 76 SI 90 
congenital inversion 76 52 89 92 93 
equmovarus 32 236 
equinus 40 
rocker bottom 90 
valgus 23~ 238 
in spastic paralysis 253 2o7 
varu, 23' >36 
m spastic paralysis 255 25? 
fractures of 1094 1129 
chip of 1161 
speafic. 1113 
hollow iJ6 13S 
hypertrophy of congenital 24 
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Foot — (Coiilinued) 
incision of, 478 

injuries to, military, 1235, 1237 
metatarsals of, 570, 572 

os calcis of, 2119, 1120, 1122, 1124, 1224, 1125, 
1126 

ossicles of, accessory, 1162, 1163 
pain of, treatment of, 1163 
in poliomyelitis, 228 
posture of, 143 
protheses for, temporary, 551 
scaphoid of, 1117 
sesamoid bones of, 1214 
excision of. 479 
fractures of, 1128 
spastic paralysis of, 25S, 257 
sprains of, 1161 
spurs of, 478 
strain of, 234, 143 

-suspension technic, for spine fractures, 751, 768, 
769 

treatment of, surgical, 477 
tuberculosis, 400 

unstable, with poliomyelitis, 234, 235, 237 , 240 
weak, 140, 142 
Forceps, bone holding, 642 
Forearm See also Extremity, upper 
absence of, 13, 15,29 
amputation of, 606, 607'612, 608, 610 
amputation in, technic in, 531 
anatomy of, 923 

fractures of 640, 643, 923-943, 1181 
considerations in, 925 
displacement of, 934, 935 
malunited, 941, 942 
reduction of, splints for, 930 
surgical, 932 
specific, 932 
ununited, 941 
muscles of, 923, 924 
with poliomyelitis paralysis. 213, 214 
physiology of, 923 
prothesis for, 552 

short, club hand, associated with, 10, 12, 22 
spastic paralysis of, 264 

Forefoot, adduction deformity of, 76, S3, 84, 85 88, 
S7, 92, 93. {See also Flatfoot) 

Foreign-body, m arthritis, 422 
Forrester brace, for spine, 1244 
Fracture(s). See also specific bones, fractures of 
atrophy with, 686 
chemotherapy for, 672 
Colles, 640. 643 
compound, 664, 689-693 
bone, alignment of, 691 
contaminated, 665-671 
definition of, 689 
immobilization of, 692 
infection in, 672, 690 
pathology of, 689 
with shock. 690 
trauma in, 690 

treatment of, 664, 665, 690-692 


Fracturc(s) — (Continued) 
congenital, of extremity, lower, 42 
of spme, 20 

contaminated compound, 665 671 
definition of, 615 
exerases with 622 
of extremity, lower, 981-1129 
congenital, 42 

emergency treatment of, 658, 659, 659 
upper, 820-980 

treatment of, emergency, 658, 659, 661 
in face, 695-745 
of facial bones, 697-702 
of femur, 618 

general discussion of. 615-6SS 
with hemorrhage, 657 
of humerus, 619, 620, 831, 850-868 
immobilization of See also Fractures, reduc- 
tion of 

external, fixation for, 623, 628, 630, 632, 640, 
643, 645, 645 

internal, fixation for, 622, 646 
American College of Surgeons Committee on 
Fractures with, 649 
nails for, 648 
Parham band for, 648 

plate-and-screws for, 648, 650, 651, 652, 
654, 656 
wires for, 646 

traction-suspension for. 623, 633 , 644 
mtra-utenne, 1169, 1190 
With ischemia. 685 
of jaws, 703-745 

of malar bone. 699-702, 702. 704-708, 738. 739, 
743. 745 
Malgaigne, 605 
with myositts ossificans, 685 
of nasal bones 697, 698, 698 
nonunion of 676, 684 
pathologic (bone), with tumors, 353 
of radius, 617. 619 

reduction of See also Fractures, immobilization 
of 

manipulation for, 623, 624, 625-628, 630, 632 

meclianical, 623 

open, 623, 635, 641, 642 

pretreatment m, 616 

skeletal, Braun frame for, 633-635, 637-639, 
656 

surgical, 623, 635, 641, 642 
tilling in, 617 

traction suspension for, 623, 625, 633, 636-640 
Roentgen ray in, 621 
With shock, 662, 663 
of spine. 749-797 
table, for spme. fractures of 754 
treatment of. emergency, 657, €57, 660, 662, 662 
guides in, 616 
military, 665 

occupational tlicrapy in, 684 
physical therapy in. 682, 683 
prinaples of, 615 
reconstructive. 676 
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Fracttire(s) — (Coithnued) 
treatment of — (Continued') 
reconstructive — (Continued) 
postoperative care la, 681 
preoperative care in, 678 
reconstructive bone graft in 677 679, 679 681 
rehabilitation therapv in 684 
ot trunk 747 818 

union of delaved, 684 (,?« a/jo Fractures treat 
ment of reconstructive) 

Fragilitas o'setni 41 501 
ossitim 4J, A7 50, 501 
Freiberg Joseph A 19 22 277-306 
sling lor low back pain, 286 2S7 
tenotomv, for low -back pain 294 
Freiberg’s disease in cpiphvses, 512 
Fusion See oho Arthrodesis 
Gaenslen, for low back pain, 30J 
for low back pain 297 
spinal, defects of, in scoliosis, 193, 194 196 
for Pott’s disease, 376 
for scoliosis 183, 155 
for tuberculosis of sacro-iliac joint 332 

Gaenslen fusion, for low back pain 303 
incision, 432 
split heel incision 478 

technic, for tuberculosis of sacro-iliac joint 3S5 
Gait, normal, 144 
Gallie technic, for fractures 679 
fork-nee 1073 

Gallowa) reduction for hip congenital dislocation 
of 114. 115 
Ganglton(ia) 317 
affections of 317 332 
of back, affections of 276-332 
of hand, 31S 
of joint, 334 
t r eatment of, 317, 319 
Ganglionectomy lumbar, 604 
Gangrene, in amputation 519, 575 600 
arteno'clerotic, 536, 5o9 
diabetic, 538. 564 
m amputations 5'S 539 563 
treatment of, non<urgicaI 560 
postoperative 561 
preoperalive, 560 561 
senile, 536, 538, 539, 564 
in amputation*, 538 

in diabetes, with amputation major, 575 600 
nondiabetic, 558 
Garre’s Osteomvelitis, S02 
Gas(es), arsme. 1250 
chlonne, 1249 
chlorpicnn, 1249 
cyanogen chloride. 1250 
ethyIdichlorar*!ne, 1247, 1248 
HC, 1250 

hTdrocyanic acid 1249 
incendiary. 1250 
infection, 675 
irritant, lunc 1248 
lacrimator, 1250 
lew-site, 1247, 1248 


Gas(es) — (Continued) 
magnesium, 1250 
mustard, 1246, 1247 
introgen mustard. 1247 
phenyldichlorarsme 1247, 1248 
phosgene. 1248, 1249 
poisonous, classification of, 1245 
medical aspects of, 1245-1251 
systemic, 1249 
smoke, screening, 1250 
stemutator, 1249 

sulfur-trio\ide<hforsulfonic aad 1250 
thermite, 1250 
titan om tetrachloride, 1250 
vesicant, 1246 
white phosphorus. 1250 
Gastrocnemius muscle, 1184 1185 
Gauze BTPP m fractures 671 
zeroform 671 

Genu recurvatutn congenita! 55 
valgum, 119 
of fibula. 469 
osleotomj m 468, 469 
static, m nckets, 119 
treatment of. 119-122 
m tibia, 469 
varum 39 47 
m fibula 469 
in osteotom> of. 468 
static causes of, 124 
adult. 127 
osteotomy for, 126 
m nckets, 124 

treatment of nonsurgteal 123 
postoperative, 126 
surgical, 123, 126 
m tibia 469 

Ghormley Ralph K. SOS 514 
techmc for arthrodesis 435 4-6 
low back pain, 300 
tuberculous coTitis, o92 393 
Giant-cell tumor, 336 
Gilchreot technic for <capuia 846 
Gill, Gerald, 245 

and Abbott, m femur growth of 245 
in tibia, and growth of 245 
operation, for poliom}eliti9 paralysis 224 
techmc, for arthrodesis, 434 437 
for Imee, 224 

for malar bone, fractures of 701 
for shoulder, 434, 437 
for tuberculosis of shoulder 407 -lOS 
Gillies' technic, for rralar bone. 701, 702, 744 
Gilmer techmc, for mandible, fractures of 721 
Goldthw-ait irons, for spine, 757, 768, 770 
mampulation, 2S9 
Gonococcus, m arthritis, 418, 419 
Gout, in bursitis, 339 
Graft of bone See Bone-graft 
of tendon, 1171 

Granuloma coccidioidal, in bone, 503 
Gnswold, R Arnold 1028-1050 
apparatus, for fibula and tTiia, 10S7 
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Gritti-Stokes technic, for amputation, of femur, 538, 
539. 546, 583 

Growth, disproportion of, in amputation, 556 
Growths, new, 333-364 
Gunning splint, 728 

Gurd splint, for fractures, 1QS7, 1102, 1104 
Gurd technic for clavicle, 830 
for humerus, 859 

Haglund footboard, surgical, 136, 137, 138 
Hair follicles, infection of, 556 
Haldeman technic, for low-back strain, 1147 
Hallock technic, for tuberculosis, of elbow, 411 
Hallux rigidus, 133 
in bursitis, 127 
etiology of, 127 

treatment of (conservative), surgical, 128, 129, 
130, 131, 132 
prophylactic, 127, 128 , 151 
valgus, 127 
varus, 133 

Hamate, 95/. 957, 962, 963. 964 
Hammertoe. 137, 137, 138 

Hancl(s) See also Fingers, Metacarpals, Phalanges 
absence of, 10, 29 
amputation of, congenital, 520 
amputations in, 520, 530 
anatomy of, 967 
club, 9, 10, 11. 12 
deformity of, congenital, 45 
ganglion of, 31$ 
joint of, amputation in, 531 
poliomyelitis paralysis of, 213 
skin of, nerve sensation of, 87S 
spastic paralysis of, 264 
Harmon, Paul H, 1133-1164 
technic, for low back strain, 1147 
Hass modification, of Lorenz technic, 452 
Hatt technic, for arthrodesis, 471 
Hauser, Emil D W, 119-145 
bar, for pes valgo planus 140 , 141 
technic, for foot, sesamoid bones of, 1128 
for hallux valgus, 128, 129-130 
for hammertoe, 137, 13S 
for patella, 1049 

Hawley Scanlon table, for fracture, 625 
HC gas. 1250 

Head, injuries to, military, 1230 
Heat, for back myositis, 307 
for fractures, physical therapy, 682 
Heel (Achilles), tendon of, 1185 
bursitis of, 327-329 
Heitz-Boyer clamp, 642 
Heliotherapy, for tuberculosis of bone, 368 
Hemangioma, of joint, 356, 357 
of muscle, 360 
Hemarthrosis, of elbow, 881 
of knee, 1157 

Hematocrit level determination, 662 
Hematoma, of muscle contusion, 1168 
Hemivertebra, 171 , 173 
Hemorrhage, in amputation, 555 
in elbow, 876 
in fractures, 657 


Hemorrhage — {Continued) 
intercostal, in nb, 814 
pulmonary, in nb, 815 
secondary, in stump of, amputation, 600 
Hemothorax, in nb fractures, 814 
Henderson, in knee (incision for) drainage of, 429 
431 

in knee menisci, tear of. 10S6, 1058 
lag screw, for femur, 990 
technic, for fractures, 680 
for scapula, 841, 844 
for tuberculosis of knee, 400 
for tuberculous coxitis, 392, 393 
Henry technic, for humerus, 855 
Hepann, in hematocrit level and determination, 662 
Herman, Otto /, 1094-1129 
Hey-Groves technic, for fractures, 680 
for hip, 116, 1/7. 219 222 
Heyman technic, for low-back pain, 293 
Hibbs spinal fusion, for low back pain, 29.?, 299 
technic, for foot. 228 
for knee, 227 

for poliomyelitis of foot, 228 
of knee, 227 

for Pott's disease, 377, 378 
for tendons. 1173 
for tuberculosis of ankle, 403 
for tuberculous coxitis, 390 
Hip, acetabuloplasty of, Smith-Pctersen technic in 
457 

amputation in, 548 
ankylosis of, 462 
extra-articular, 449, 450, 451 
in arthritis, pyogenic, 433 « 
arthrodesis of, 4S4-4S7, 454 
arthroplasty of 458, 459, 461 
arthrotomy of, 434 

aspiration of, 424 . 

bodies in, loose, 434 
bursitis of, 331 

congenital dislocation of, 38, 101-118 
anatomy of, 102 
anteversion, 118 
embr)ology of, 101 
etiology of, 101 
frequency of, 103 
osteotomy w, 452. 453 
patliology of, 103 
symptoms of, 103, 105 

treatment of, 107, 109, 110. MX. 112, 114, 115, 
116, i/7. 118 

contracture of. congenital, 46 
coxa vara of, 29, 51, 53 

deformity of, flexion, with poliomyelitis paralysis. 
218 

dislocations of. 983-999 
reduction of, 997 
speafic, 997 

drainage of, incisions for. 428, 429 , 430 
epiphyses of, cartilaginous, 1204, 1208-1209 
CTtra-articuUr ankylosis of, m flexion, fasciot- 
omy in. 4/9, 450,451 

flexion ol, With extra-articular ankylosis. 449, 
45a 451 
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Hip — (Continued) 

mctsions for drainage of, 42S, 429 , 430 
osteotomy of, oblique, 451, 432 
painful, bone block in, L’Episcopo technic in, 
456, 457 

in poliom>elitis, 217 
prothesis of, 551, 5o2 
p«eudarthrosis in, 461 462 
pjogenic arthritis of, 433 
snapping, 309 310 
spastic paraljsis of, 259, 260 
sprains of, 1156 
freaCnrenf cr/, sacgKs/ -450 

unstable rvitli poliom\elitis paraljsis 219 220 
221,222,222 
Histatmne flare test, 523 

Hodgen technic, for femui shaft fractures, 1017 
Hoffman technic, for toes, clatv, 479 
Hohman technic, for bursitis 332 
Hoke apparatus, for femur, fractures of, 991, 1018 
for humerus fractures of, 853, 854 
flalfoot stabilization, 30 
operation, for clubfoot, 7S, 79 
Hooks, hone, 642 
Hospit^s, militarj, 1220 
Hon Orth, 510 

KuIIihen, m splints, for mandible fractures, 727 
Humerus See also Extremity, upper 
absence of, congenital, IS, 16 
anatomic neck of, fractures of, 832, 852, 854 
birth fractures of, 1195, JJ$6 . 1197 
capitellum of, epiphjsis of, 895*897 
chondrosarcoma of, mth shoulder, SJo 
condjie of, lateral, 893, 895 
m^ial fractures of, 893 
diacondylar fractures of 890-893 
end of, lower, fractures 862 866 
upper fractures, 850, 853, SS4. $55, 856 
'**epicondyle of, medial, 897-901 
epiphyses of, cartilaginous, birth separation of, 
1207 

separation of, 833 
Ewing’s sarcoma of, SS4 
fracture of, 619, 831. 850 868 
birth, 1195, 11S6 , 1197 
diacondylar, 890-893 

supracondjlar, 620, 861, 862, S77, 875-8S9, 
SIS 

transcondylar, 620, 861, 862, S77, 878-889 
SIS 

lateral condyle of, fractures of, 893, 895 
low er end of condyle, fractures of, 863 
epicordyle', fractures of, 862 
epiphyses of, 862, 889 
fractures, 862-866 
fractures of, “side swnpe,” 894, 895 
“truck-swipe," 894, 895 
osteotomy of, 444 

medial epieond'le of, ep!phy«ea!, 897-901 
shaft fractures of, 857-860, SSS 
supraconditar fractures of, 620, 861, 862 S77 
878-889, SIS 

<urgical neck fractures of. S26, 831, 832 852 
855 


Humerus — (Continued) 

tuberosity of, greater, fractures of, 833, 850, 851 
upper end, epiphysis of, 852 
fractures of. 850, 853, 8S4. 855, 856 
osteotomy of, 43S, 439 
Hunchback, 372, 376 
Huntington technic, for fractures 6S1 
Hydrarthrosis, of knee, 1157 
Hydrocephalus, relation to meningocele, 19 
Hydrocyamcaad gas, 1249 
Hydrops, intermittent, 420 


Ileus, paralytic, in nb fractures, 815 
Ilfeld strapping, for low back pain, 286, 2S7 
Iliopsoas abscess, 429 , 430 
ilium, wing fractures of 798, 7SS 
Immobilization Set specific fractures Immobiliza 
tion of 

Impink Robert R , Walter Estell Lee and 1000 
1027 

Incendiary gases, 1250 
Incision(s), for abscess iliopsoas, 429 430 
for abscess, pelvic, 429 430 
for ankle drainage, 429 , 431 
axillary, in shoulder 437 
Berger, 534 

for elbow aspiration 881 
drainage. 426 427 

in extremity lower for joint drainage, 428 429 
upper, drainage of 425 
for finger drainage, 426 
Gaenslen split heel m foot 478 
for hip drainage, 428 429 
"hockey stick," for knee menisci tear of 1057 
homontal, for knee menisci tear of, 1058 
for humcnis, lower end of fractures of 865 
for joint drainage, 423 4^6 42S, 429 431, 432 
for knee drainage, 429 431 
menisa, 1056 

Kocher for amputation in shoulder, 533 
for ligaments injuries of 1143 
medial lateral 1059 
necrosis, in amputation stump 500 
parapatellar, for knee menisci 1059 
patellar margm, 1059 
posterolateral, for knee meni'ci, I0S6, 1058 
in Pott's disease, 3S0 
racket, for amputation 323 
of scapula, for brachial plexus injunes, 849 
for shoulder drainage, 425 426 
split patellar, for knee meni'Ci, 1057 
U-shaped, for knee menisa 7057, 1059 
forwnst drainage, 426, 427 
Infection, m amputation, 519 
in amputation, in diabetes, 600 
in fractures, compound, 690 
gas, 675 

in amiMitation, SS4 , 553 
bacteriology of, 1239 
in cellulitis, 675 
gas baallus, pemallm for, 673 
in injuries, military, 1238-1245 
invasive, 675, 676 
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Infection — (Continued) 
in stump of major amputation, in diabetes, 600 
Injection, m bursa, subdeltoid, novocain in,435 
caudal, for low-back pain, 284 
epidural, for low-back pain, 284 
of ganglion, of joint, 354 

of novocain, m shoulder, subdeltoid bursa of, 435 
of sciatic-nerve sheath, for low-back pain, 284 
of shoulder, subdeltoid bursa of, novocain in, 435 
Steitidler piocame, for low back pain, 281 
Injuries, abdominal, military, 1231 
birth, skeletal, 1189-1209 
craniocerebral, military, 1230 
crushing, in amputations. 519 
from gas, 1246-1250 
maxillofacial, military, 1231 
military, with burns, 1237 
care of, professional, 1225-1245 
complications of, treatment of, 1237 
with gas infection, causes of, 1239-1245 
specific, treatment of, 1230 
with tetanus, 1237 

treatment of, blood transfusion in. 1228, 1229, 
1231 , 1235 
Ink, Finzt, 1253 

Innominate bone, fractures of. 798 
Instruments, for amputation, 524 
for fractures, 642 
for giant-eell bone tumor. 338 
{or mandible {ractures, 722, 731. 732 
for metatarsal fractures, 1128 
for os calcis, fractures of, 1118 
Insulin, m amputation, with gangrene, arterioscle- 
rotic diabetic, 559 

for gangrene, arteriosclerotic diabetic, in am 
putation, 559, 561 
Interphalangeal joint, 426, 423, 973 
Intervertebral disk, in spine, fractures of. 771 
Irrigation, of bursa, subdeltoid, 436 
Ischemia, of extremities, refrigeration anesthesia in, 
566 

Volkmann’s, 617 
in elbow, with humerus, 888 
with fractures, treatment of, 685 
with humerus, supracondylar fractures of in 
elbow, 888 

Ischium, rami fractures of, 800, 801, 802, 803 
Ivy technic, for malar bone fractures, 701 , 702 
for mandible fractures, 724 


Jacket, ambulatory, for Pott’s disease, 374 
for spine, fractures of, 756 
Calot, in Pott’s disease, nonsurgical treatment of, 
374 

Minerva. See Minerva jacket 
plaster, for fibula. 1079 
for humerus, 855 
in Pott's disease, 373 
for spine, 753, 777 
for tibia, 1089 
in tuberculosis of ankle, 402 
in scoliosis, treatment of, surgical, 178, 170, 191 


Jackson, 351 
damp, 642 

Jacobs chuck, for fractures, 650 
Jaws, fractures of, 699-745 
teeth in, 703 
treatment of, 703 
lower, fractures of. 704-708 
snapping, 310 

upper, fractures of, 699-702, 701, 704-708 73S. 
739, 743, 745 

Joint(s) See specific joints as elbow joint, knee 
joint, etc 
arthrotomy of, 434 
aspiration of, 423 
bodies of, loose, removal of, 434 
carpometacarpal, amputaticn tn, 531 
drainage of, 426, 428 
Charcot, 423 
diseases of, 36S 515 
draiiugc of, incision for. 425 
of extremity, lower, 428, 429 
congenital ankylosis m, 72, 73, 74, 75 
Joints, of extremity, lower, congenital contractures 
of, 39 

upper, 39, 425 

of finger, masions for drainage of, 426 
fractures of. with sprains. 1133-1164 
infection of, 417-479 
interphalangeal, dislocations of. 978 
incisions for drainage of, 426 , 428 
metacarpophalangeal, amputation m technic m 
531 

arthroplasty of. 448 
dislocations of 973 974 
in fingers, 448 

inasions for drainage of 426 428 
metatarsal, in toe amputation in diabetes, 570. 
572 

radio-ulnar. distortion of 940 
sacro-iliac, dislocations of, 801. 803 
incisions for drainage of, 429, 431 
sternoclavicular, dislocations of, 811, 816, 817 
fractures of. 809-818 

subastragaloid, incisions for drainage of 432 
tuberculosis of, 367-416 
tumors of, 333-359 

Jones position, of elbow, with humerus fractures 

879 

splint, 634. 657. 853 

technic, for acetabulum fractures of, 806 
for ankylosis of bone in hip 40] 402 
for hip, snapping 310 

for humerus, diacondjlar fraclurts of 862, 891 
for knee menisci, tear of 1055 
for pseudarthrosis, in hip 461 
for sprains, of joints, 1134 
Jones-Billington technic, in poliomjelitis paralysis 
214 

Jostes manipulation, for low-back pam, 291 


Kanthak, in malar hone, fractures of 701 

Keen technic, for malar bone, fractures of, 701, 702 
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Keller splint for extremity lower military in 
juries to 1234 
technic for hallux valgus 131 
Keller Blake splint 657 658 55P {See also 

Thomas splint) 

Kenny treatment for poliomx elitts 202 
Kessler Henry H 606-612 
Kej J Albert 417-479 
technic for femur shaft fractures of 1021 

for tuberculosis of knee arthrodesis in s9S 399 
Kidneys diseases of in sulfonamide therapy 674 
Kienbock s disease 953 955 958 959 960 1I5S 
Kilner technic for malar bone fractures of 701 
702 744 

Kmgslei splint for maxillarv bones fractures of 
fixation of 738 739 
Kirk Norman T 1225 1251 
and Luther R. Moore 1213 1254 
technic for fractures 680 

Kirschner wires with Bosworth appliance for leg 
lengthemng 2-»l 
forcla\ide 827 830 830 
in elbow w th humerus 884 
for femur shaft fractures of 1010 1015 1022 
for fractures immobilization of 646 
for humerus fractures of 853 884 
Kite J H 23 100 
Klippel Fed syndrome ^ 313 
Knee See also Genu salgum Genu \arum Patella 
Tendon quadriceps 
alar fat pad of 1074 1075 
amputation of 544 

apparatus of evtensor rupture of 1044 

arthrodesis of 4/0 471 473 

arthroplasty of 473 

arthrotomy of 433 

aspiration of 4^3 1029 10S*r 

back 53 

Baker s cy st of exasion of 473 
bodies in loose 433 1076 
bursitis of 330 

capsulotomy in posterior 466 
cartilage of external cyst of 474 
necrotic, excision of 464 
«em lunar 1052 1053 
external exasion of 474 
mtemal excision of 473 4y4 1158 
contracture of congenital 46 
crucial ligaments of 1067 1068 1069 1074 
deformity of flexion 2^1 2^3 
deformities of congenital 54 

'taUc See also specific deformit es as Gena 
valgum, etc. 

derangements of internal 1051 1078 
deviation of lateral See Genu salgum Genu 
\anim 

dislocations of 1028 1050 
conger tal ia 4’ 4 
specific, 1048 

epiphyses of cartilaginous birth separation of 
1205 1205 1206 

and femur flexion contracture of 467 
fractures of 1028 1050 See also Femur con 


Knee — {Conttnued) 

dyles of fractures of Femur supracon 
dylar fractures of Tibia condyles of frac 
tures of 

genu recurvatum of with poliomyelitis 224 
hemarthrosis of 1157 
hydrarthrosis of 1157 
hypertrophy of 1077 
inasions for drainage of 429 431 
knock congenital 34 So 36 
lateral ligaments of 1061 1066 
external 473 
functions of 1051 
internal lesions of 1062 1065 
surgical treatment of 4/5 
sprain of treatment of 1142 
ligament injuries of 1143 
ligaments of crucial 1067 1068 1069 1074 
lateral 1061 1066 
sprains of 1156 
men seal tear in 1052 
nonsurg cal treatment of 1054 1055 
preoperatixe treatment of 1055 
surgical treatment of 1055 1059 1056 1058 
treatment of postoperatne 1060 
men SCI of 1052 1053 
meniscus of medal 1060 
muscles in quadriceps femoris 1183 
osteochondritis of 1076 
dissecans of 1135 

osteotomy of supracondy lar 467 468 

poliomyelitis in 2W 2^3 

popliteal dissection of 466 467 

prothesis for permanent. 334 

quadriceps femons of paraKssof ^'*3 277 

rex ision of. 463 

snapping 311 

spastic paralvs $ of 238 

sprains of 1156 

supracondylar osteotomx in with femur 467 468 
sy-nostosis of congenital 29 3> So 
sxmoxectomy of 46’’ 463 
tibial spine of 1075 
tuberculosis 394 

unstable with poliomyelit s ^3 2^7 
Kn ght spinal brace for abdomen with pol omyel t s 
paralysis 207 208 
Knock knee 119 l’^ 

Knuckle, dropped with metacarpals fractures of 
967 973 

Kocher mas on m abscess in Pott s disease 3S0 
for amputation of shoulder 333 
m ankle for 1 gament injunes of treatment of 

1143 

technic, for amputation of elbow 532 
for scapula d ^locations ot 835 
Kohler s disease inepphy«es 512 
insprams wnth joint fractures 1136 1138 
Kreusher operation in poliomyelitis paralisis 219 
2” 

Knda m hemangioma ofjont S'd 
techmc for knee 1071 
Kyphosis with Pott s disease 372 3"6 
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Labat No 1 technic, rib fractures, 812 
Lacerations, of muscle, 1168, 1168, 1169 
of tendon, 1168, 1169, 1170-1172. 1171, 1172 
Lackum, William H. von, 146-198 
Laenmator gases, 1250 
Lag screws, 990 
Lambotte clamp, 642 
Laminae, spinal, 769 
Laminectomy, for low-back pain, 304 
for spine, fracture dislocations of, 791 
Lane skid, 642 

technic, for femur, shaft fractures of, 1024 
Lange technic, for contractures with obstetric pa- 
ralysis, 272 

for hip, unstable, with poliomyelitis paralysis, 219, 
222 

for torticollis, 314 

Langenbeck incision, in hip, 428, 429 
Langenbeck-Ollier incision, in elbow, 1143 
Lapidus technic, for hallux valgus, 131 
Lasigue test. See Test. Las^guc 
Lathrop technic, for malar bone, fractures of, 701, 
702 

Lattman, with bursitis, acute subdeltoid, 323 
Leadbetter technic, for femur, neck fractures of, 988 
Lee, Walter Estell, Robert R Irapink and. 1000 - 
1027 

Leg See also Extremity, lower 
amputation of, congenital, 43 
technle for, 543 
band of, congenital, 46 
constriction of, congenital, 45 
deformity of, bow leg, 39 , 47 
equalization, length of, with poliomyelitis, 239 
lengthening of, with poliomyelitis, 239, 241 
lower, amputation of, m diabetes, 580 
Gntti-Stokes tcchnic in, 583 
Smith technic in, 582, 584, 586 
stump of, in diabetes, postoperative care of, 598, 
599 

middle third, amputation in, 543 
muscles of, ruptures of, 1184, 1185 
prothescs for, 550, 553, 554 
shortening of, with poliomyelitis, 244 
spastic paralysis of, 262 

Legg technic, for hip, unstable, with poliomyelitis 
paralysis, 221, 222 

Legg-Calve-Perthcs disease, m epiphyses, 510 
with sprains, and joint fractures, diderenlial diag- 
nosis of, 1138 

LeMesutier technic, 679, 1073 
for fractures, 637 

L’Episcopo tcchnic, for bone-block, for painful hip, 
456, 457 

Leriche technic, for sprains, with joint fractures, 
1134 

Lewisite gas, 1247, 1248 
Ligamenf(s), of knee, 1061, 1066 
external, lateral, 475 
injuries of, 1143 
of shoulder, 822 
Limbs, artificial, 553 
Lipiodal injection, for low-back pain, 283 


Lipoma, of joint, 356 
of muscle, 360 
of tendon, 362 
Ijposarcoma, of bone, 352 
of joint, 3S8 

Lisfranc technic, for amputation, of foot, 536, 537, 
540, 552, 553 

Liver, disease of, with suHonamide therapy, 674 
Lorenz technic, for hip, congenital dislocation of. 
452 

Lorenzo screws, 990 

Lovejoy drill, for fractures, immobilization of, 6'0 
Low-back pain, 277-306 
Albce graft for, 297, 297 . 298 
bone graft for, 296 
Campbell fusion for, 302 
Chandler fusion for, 300 
Dclagenicre graft in, 296 
diagnosis of surgical, 281 284 
examination in, physical, 278, 280 
fasciae in, treatment of, surgical, 291 
fifth lumbar in. 303 
Freiberg tenotomy in, 294 
Gaensicn fusion in, 303 
Ghormicy operation in, 300 
Heymait operation in, 293 
Hibbs spinal fusion in, 298, 299, 299 , 300 
laminectomy in, 304 
lesion of. primary, 277 
muscles in, 291 

nonsurgical treatment of, 278, 284 
immobilization in, 285, 286, 287-290 
Jostes manipulation in, 291 
manipulation in, 289 
physiotherapy in, 285 
Ober operation in, 291 
physical examination m, 278, 280 
Smiih-Peterscn fusion in, 301 
strain, 1146, 1147, 7147 
surgical diagnosis of, 281-284 
treatment of, 291, 295, 297 
tenotomy in, pynformis, 294 
Lowman clamp, 642 
clamp, m White technic, for femur, 249 
tcchnic, for abdomen, with poliomyelitis, 250 
for hip, unstable, with poliomyelitis paralysis, 
219,220 

LulIofT, in abscess, pelvic, incision for drainage 
of, 429. 430 
Lumbar, fifth, 783 
tdt of. 163 

transverse process, excision of, with low-back 
pain, 303 
wedged, 151 , 165 
Lunate, 953-955, 958, 959. 960 
Lung puncture. 813 
Luxations See Dislocations 
Lympliangitis, in amputation, in diabetes, 564, 575 
Lymphedema, of ankle, with sprains of, 1161 

MacCallum technic, for fingers, webbed, 3 
for toes, webbed, 3, 6 

hfachlurray technic, for hip, oblique osteotomy ol, 
451, 452 
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McAusIand technic, for arthroplastj, of elbon, 441, 
442 

McBride technic, for fractures, 680 
for hallux %-aIgus, 131 
McCaffrey, Francis S , 703-745 
McKim, in fibula and tibia shaft fractures 1092, 
1093 

McKittnck, Leland S and Theodore C Pratt, S38- 
605 

McLaughlin, Harnson L., 809 818 
techmc, for shoulder, 1173 
McJilurray technic, for arthritis, 422 
^fc\Vho^te^ incision, for shoulder 1143 
Mackenzie-Forbes modification, for low-back pain, 
299, 300 

Magnesium gas 1250 
Magnuson Paul B , 923-943 
clamp, 642 

techmc, for humerus fractures, 891 
for patella fractures 1041 
Malar bone, anatomy of, 699 
fractures of. 699-702, 701, 704-708, 738, 739, 
743. 745 

reduction of See specific technics as Caldwell 
Luc technic for 

Malformations, congenital, treatment of 3 
Malgaigne fracture, of pelvis, 805 
Malleolus, of ankle. 1096, 1097 , 1142 
Mallet finger, 1182 , 1183 

Malum coxae semlis, 431 See also Watson Jones 
techmc, for arthrodesis, of !np, autogenous 
bone pegs in 

Mandible, anatomy of, 704 
fractures of, 704-708 
after-care of, 735 
anesthesia for^ 716-718 
bandages for. 718, 718, 719 
chemotherapy in, 736 
classification of, 70S 
complications of, 735 
displacement in, 707. 709, 713-71S 
examination m Roentgen ray, 712 
fixation of, 713, 717, 720-722, 722, 7Z4, 725, 
727-731, 732 

reduction of, 713, 717 , 730 
sulfonamides in, 736 
ununited, 734 

Manometnc study, of spinal fluid, 2S2 
ifanwonng technic, for malar bone, 701 
Marble, Henry C, 821-849 
“March” fracture, 966-980 
Massage, for fractures, 682 
Matas techmc, for malar bone, 701 
^fauck techmc, for knee, internal lateral ligaments 
of, 1065 

Maxillary bones, fractures of, 699-702, 701, 704- 
708, 733. 739, 743, 745 
Maxillofacial injunes, 1231 

Ma)er modification of, Tubby technic, for forearm, 
with poliomyelitis paraljsis, 214 
techmc, for abdomen, with potiomvcIiUs, 250 
for foot, clawfoot of with chrome polimyelibs, 
231,232 

for hallux xalgus, 132 


Mayer modification of — (Continued) 
technic — (Continued) 
for hip, snapping, 310 

for knee, genu recurvatum of, with poliom>e 
htis paralysis, 224 

for poliomyelitis, in foot, clawfoot of, 231, 232 
paralysis, m knee, genu recurvatum of, 224 
for tendons, 1172 

Medical Department, of Armj See Army, Medical 
Department of 

Medication, for major amputation, m diabetes, 597 
for minor amputation in diabetes, 564 
Meningocele 19 
Menisci, of knee, 1052, 1053 
Metacarpal, thumb, 967, 968 
Metacarpal', absence of, 8, 9 
dislocations of, 966 980 
fractures of, 966-980 
compound, 978 
knockJe in, dropped 967, 973 
reduction of. 969, 970, 971. 972, 973, 974 . 975 
specific, 970 

^(eUca^pophalangeal joint, 448, 531, 973, 974 
Metatarsal joint, 570, 572 
Metatarsalgia 134, 135 

Metatarsals fractures of, 1125, 1126-1128, 1136, 
1161 

Metatarsus varus 67, 70, 71, 72, 135 
Midcarpal joint, 961, 962 
Military surgerv See Surgery, military 
Mills manipulation, for bursitis 332 
Milroy's chronic hereditary edema, 23, 24 
Minerva jacket, for spine fractures of, 759, 760, 
768 

Jfonteggia fracture See L’fna fupper) end of, frac 
tures of 

Moorhead techmc for malar bone fractures, 701 
Moore Luther R . 1251-1253 
and Blount appliance for gooseneck fixation 452 
Luther B, Norman T Kirk and, 1213 1254 
nail, for femur, condjles of fractures of, 1036 
pms, for femur neck fractures of 989 
technic, for fractures treatment of, in, 681 
Morphine, for fractures treatment of, 660 
Momson technic 1063, 1102, 1118, 1119, 1120, 
1122 

Morton's toe, 135 

Motor skeletal svstem injuries to birth, 1187-1209 
Murraj, Clay Ray. 307 316 360-364 499 504, 615- 
688, 1165-1186 
D W Gordon, 944-965 
in forearm, fractures of 925 
Murrav Jones splint, for fractures 634, 657 
for humerus, upper end fractures of, 853 
Muscle(s), ab-ence of, in upper extremity, 17 
of abdomen, paralj sis of, 204 207, 20S 
of back, affections of, 276-332 
specific, 307-316 
contusion of. 1167, 1168 
of elbow, paralysis of, 211 
electrical stimulation of, for fractures, 683 
of femur, shaft of, 1001 
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Musde(s) — (Conlinued) 
of forearm, 923, 924 
paralysis of, 213, 214 
of hip, paralysis of, 217 
iniuries to, 1131-1186 
specific, 1165-1186 
treatment of, 1165, 1166 
of knee, paraljsis of, 204, 225 
lacerations of, 1168, 1168, 1169 
in low back pain, 291 
paralysis, with poliomyelitis, 204, 205 
ruptures of, 1168, 1168 , 1169 
oi sVicrulier, l\T2-in8, 1180, 1181 
girdle, 823, 824 
paralysis of, 210 

of spine, paralysis of, 204, 207, 208, 20S 
strains of, 1167 

training, for muscle paralysis, with poliomyelitis, 
204 

transference, for foot, clawfoot, with poliomyelitis 
paralysis, 219, 222 , 228 
of thumb, paralysis of. 216, 217 
tumors of, 360-364 
weakness of, 204, 205 
of wrist, paralysis of, 213, 214 
“Mushroom'’ fractures, 1182 , 1183 
Mustard gas, 1246, 1247 
Myelography, for low back pam, 283 
Myeloma, multiple, 350, 351 
plasma-cell, 350, 351 
of tendon, 363 
Myelomeningocele, 19 
Myofascitis See wider specific body sectio™ 
Myofibrositis See wider specific body sfC'ion 
Myositis See wider specific body section 
clostridial, 675 

ossificans Set mitier specific body sect’*’' 
of elbow, with humerus, 887 
with fractures, 685 
with humerus, 887 
in muscles, 1168 
Myxosarcoma, of joint, 358 

Nails, for fractures, 648 
Nasal bones, anatomy of, 697 
fractures of, 697, 698, 698 
Neck, snapping, 311 

Necrosis, in amputation stump, major, in diabetes, 
600 

of bone, 1136 

Neotheosol, for ribs, fractures of, 811 
Nerve block, for amputation in thrombo-angutis 
obliterans, 604 

for ribs, fractures of, 811, 812 

Nerve, radial, m humerus, shaft fractures of, 860 
transference, ulnar, for humerus, 900 
Nerves, of ankle, 1236 
of elbow, with fractures of, 874 
of femur, shaft of, 1003 
of hand, with skin sensation, 875 
of humerus, fractures of, 863 
Neurectomy, for spastic paralysis, of toot, 25/ 
of hip, 260 

Neuritis, late compression, with rib fracW”* 


Neurofibromata, in Von Recklinghausen’s disease, 

500 

Nicola technic, for scapula, 841 
for shoulder, musculotendinous cuff, tears of 

1180 

Nitrogen mustard gas. 1247 

Nitrous oxide-oxygen ether, for mandible fractures, 

716 

North, John Paul. 966-980 
Novocain, for bursa, subdeltoid 435 
for elbow, aspiration of 881 
in shoulder, subdeltoid hursa of 435 
tn spme, 
for sprains, 1139 
Novocain-eucupiii, for knee, 1142 
for spme, 1145 
for sprains. 1139 
for wrist, 1141 

Ober, Frank R , 3-18 

inasion, in hip, posterior drainage of 428, 429 
technic, for foot, clawfoot of with poliomyelitis. 
234 

for hip, unstable, with poliomyelitis paralysis 
219 , 222 

for low-back pam. 291 
for patella, fractures of, 1041 
with poliomyelitis paralysis, of shoulder, 210 
test. 280 

Occlusion, vascular, in amputation, 556 
Occupational ihcrapy, for fractures, 684 
Olecranon, epiphyrsis of, separation of, with frac 
tures, 904 

fractuies of, 901-904 

Organisms See alto Staphylococcus, Streptococcus 
in minor amputation in diabetes, 564 
in osteomyelitis, acute, fulminating, 460 
Orr teclmic, for osteomyelitis 488-491 
for pyarthrosis. in osteomyelitis, 489-491 
Os calcis fractures, 111?, 1118, 1119, 1120, 1122, 
1124, 1124, 1125, 1126 
Os magnum, 956, 963 
Osgood brace, for low-back pam, 288 
Osgood Schlatter disease, in epiphyses, 511, 512 
m sprains, of joints, with fractures 1136, 1138 
technic, for bursitis radiohumcral, 332 
Ossidtt, 1162. 

Chteitis cystica fibrosa, 335-359, 499 
deformans, SOI 
fibrosa cystica, 339 340 
Osteochondritis, in knee, 1076 
dissecans, 1135 

Osteochondrosarcoma, amputation of, 3t5 
Osteogenesis imperfecta, 41, 501 
congenita, 43, 44, SOI 
tarda, 43, 47, 50, 501 
Osteoma, 336 
Osteomalacia, 500 
Osteomyelitis, 4^-498 
acute, 430 

bacteriemia in, 480. 485-483 
chemotherapy in, 484 
definition of, 430 
fulminating, 4S0 482 
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Osteomyelitis — (Coii/iiiHet/) 
acute — (CoiitwKrd) 
localized, 48S-492 

nousurgical treatment of, 4S0, dS2, 4S4 488 
organisms m, 480 
sulfonamides in, 484 
surgical treatment of, 483 
of tibia, 492 
chrome, 493, 494 
Garre, 502 

hematogenous, 4S0-498 

in minor amputation, in diabetes 564 

Orr technic for, 488 

pyemia in, 480 485-488 

sclerosing, 502 

septicemia in, 4S0, 485 488 

in tibia, with scars adherent to bone, 495 497 

with typhoid 502 

Osteopsathyrosis, hereditary, 43, 47 50^501 
idiopathic, 43, 47, ^0 SOI 
nonhereditary idiopathic 43 47, 50 501 
OsteoftOTy, ol snide, Csmpbeil technK for 476 
with arthritis, degenerative, 422 
bifurcation, low, 452 133 
for bunion, tailor’s, 132 
for contractures with obstetric paralysis 272 
for epiphyses, slipping of 508, 509 
for femur, torsion of with poliomyelitis 228 
for fibula pseudarthrosis of, 64 
and tibia, with genu valgum, 469 
for foot, cavus deformity of, with poliomyelitis, 
230 

for genu valgum, of fibula and tibia, 122, 469 
varum, of fibula and tibia, 126 469 
for hallux valgus, 125 133 
high, of hip, 451, 452 
for hip, congenital dislocation of, 452 
oblique, 4SI, 452 
of humerus lower end of, 444 
upper end of, 438, 439 
of leg. with bow leg deformity 39 
low, 54, 452, 433 

for hip, congenital dislocation of, 452, 453 
low bifurcation, of hip, 452 453 
for metatarsus varus, 72 
for obstetric paralysis, 272 
for poliomyelitis, with femur, 228 
with foot, 230 
with tibia, 228 

for shoulder, musculotendinous cuff of, 1174 
for spastic paralysis of leg, 262 
subtrochanteric, 54 

for hip, congenital dislocation of, 453, 454 
supracondylar, for femur, 467, 468 
for genu valgum, 122, 468, ^9 
varum, 468, 469 

for tibia, hypoplastic deformity of 31, 36 
torsion of, with poliomyelitis, 228 
for tibia and fibula with genu valgum, 469 
with genu varum, 469 
for wrist, flexion deformity of, 445 

Paget's disease, 501 

Pain, in amputation, major, m diabetes, 575 


Pain — iConlinued) 
low bach See Low back pam 
relief of in rib fractures, 809 812 
Paralysis, 253 273 See also Poliomyelitis 
with ataxia, 267 
with athetosis, 266 
hopeless, of spine, 793 
myogenic, 253 
neurogenic, 253 
obstetric, 267 
with contractures, 270 272 
of extremity, upper, 268, 269 
of forearm, 270 
with lesion, neurologic, 269 
residual 272 
of upper arm, 268, 269 
in Pott's disease, 381 
in scoliosis, 151, 169 J70 
spastic, 255 266 

of spine, with fracture dislocations of, 789, 791, 
791 

Paraplegia, in scoliosis 197 
Parathyroids, with osteitis cystica fibrosa, 499 
Parham band, for fractures 648, 993, 1089 
Parker and Jackson, in sarcoma reticulum cell 
bone, 351 

Patella See also Knee 
absence of congenital, 29, 32 42 
compoimd fractures of 1042, 1043 
dislocations of 55,56 1048, 1049 
excision of, 463, 464 
fractures of 1039*1042 

compound, 1042, 1043 See Patella, compound 
fractures of 

slipping, Hitchcock technic for 464, 465 
tendon of rupture of, 1183, 1184 
Patterson irrigation, for bursitis, acute subdeltoid 
320 

technic for malar bones fractures of, 702 
Peabody technic, for foot claw’foot of with polio 
myelitis, 231, 233 234 
for hallux valgus, 131 

Pearson piece, for femur shaft fractures of, 1016 
for fractures, reduction of, 633, 635, 639, 656 
Pegs (autogenous), bone, for arthrodesis, of hip 
454. 435. 456 

Pelvis See also speafic sections as Ilium, 
Ischium, etc 

congenital deformities of, 22 
fractures of, 798-808 
injuries to, military, treatment of 1233 
Malgaigne fracture of treatment of surgical 
805 

tuberosities in, fractures of, 800 
Penicillin, 675 

for bacilli, gram negative 673 
Ca salt of, 675 

for infection, gas bacillus, 673 
for injuries, military, 1244 
intramuscular, use of, 675 
intravenous use of, 675 
local use of, 675 
Ka salt of, 675 
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Penicillin — {Continued) 
in staphylococcus, 673 
in Streptococcus, 673 

Pentothal sodium, for mandible fractures, 718 
Periarthritis, of shoulder, 1149 
Pes cavus, 136 , 138 
Stemdler technic for, 477 
valgoplanus See also Flatfoot 
etiology of, 120, 134. 139 
with toes, deformities of, 127, 133-136 
treatment of, nonsurgical, 139, 140 , 141 
Petrolatum game, 671 
Phalanx(ges), 448, 531, 973, 974, 978 
distal fractures of, 977 
of fingers, (compound) fractures of, 978 
dislocations of, 966-980 
distal, tendons of, 1IS2, 1183 
fractures of, 966-980 
hyperextensive contractures of, 5 
middle fractures of. reduction of, 976 
of toe, fractures of, 1128 
Phelps, Wic-tJatcip Wotgau. 253-273 
Phenyldichlorarsme gas, 1247, 1248 
Phlebitis, in amputation stump, major, diabetes, 601 
Phosgene gas, 1248, 1249 
Physical therapy, for fractures, 682 
Physiotherapy, for Pott's fractures, 1104 
Pierson, John C, 3S4-3S9 
Pin technic, for fractures, 640, 643 
Pirogoff technic, for amputation, of ankle, 536. 537, 
541. 542, 552, 553 
Pisiform bone, 961 

Plasma, protein content in, in fractures, 663 
specific gravity of, m fractures, 663 
transfusion of, in fractures, 663 
Plasma-cell myeloma, 350, 351 
Plaster-and pin technic, for fractures, 640 , 643 
Plaster collar, 764 

jacket, 373, 402, 753, 777, 855, 1079, 1089 
for low-back pain, 286 , 290 
splint. See Splint, plaster 

Plate-and-serews, for fractures, immobilization of. 
internal, fixation for, 648, 650, 651, 6S2, 
654 


Pleural puncture, 813 
Pleurisy, with ribs, fractures of, 814 
Pleuropulmonary complications, 815 
Plexus, brachial, 846, S47, 848 
Pneumonia, with ribs, fractures of, complications 
of. 815 

Pneumothorax, with ribs, Iractures of, complica- 
tions of, 814 

Poliomyelitis, 201-252. See also Paralysis 
acute, 202 
chronic, 208 

of abdomen, 249, 250 

of ankle, and treatment of, surgical, 228 

of elbow, 211 

of extremity, lower, 208, 217 
upper, 208, 210 
with femur, 228 

with foot, cavus deformity of, 230 
clawfoot of, arthrodesis in, 233 
Hibbs technic for, 228 


Poliomyelitis — (Contimed) 
chronic — (Continued) 
with foot — (Continued) 
clawfoot of — (Contmiied) 

Mayer technic for, 231, 232 
muscle transference m, 228 
Ober technic for, 234 
Peabody technic for, 231, 233 234 
Stemdler technic for, 229 
surgical treatment of, 223 
surgical treatment of, 228 
unstable, astragalectomy in, 237 
bonc-block in, 237, 240 
subtalar arthrodesis in. 235, 240 
surgical treatment of. 234 
of forearm, 213, 214 
in hand, 213 

of hip, 217-219, 221, 220-222 
of knee, 222. 223 225, 227 
of leg, 239. 241,244 

with muscle paralysis See specific body sec- 
twas as Abdomen. Eiatemity, u^^jec , etc 
with scoliosis. 249 
of shoulder, 210 
surgical treatment of, 209 
of thumb. 216,217 
of tibia, 228 
of wrist, 213, 214 

convalescent, 203 See also body sections as 
Extremity, upper, Abdomen, etc 
of abdomen. 204, 207, 208 
of knee, 204 

with muscle paralysis, 204, 205 
of spme. 204, 207 , 208 
Kenny treatment of, 202 
residual See Poliomyelitis, chronic 
with scoliosis, 169 , 170 
stages of, 202 

treatment of, nonsurgical, 202 
Polydactyhsm. 5. 33. 38. 94. 95. 96 3lS 
Popliteal dissection, 466 
Pott’s disease. 371 
abscess, 380, 380 
fractures, 1101 
with kyphosis, 372, 376 
with paralysis, 361 
pathology of. 371 
reduction of. 1103, 1103, 1104 
spinal fusion in. 376-378 
treatment of, 372 
nonsurgical, 373-375 
surgical, 376, 379 

tissue reaction in, reduction of, 1097, 1104 
Pratt, Theodore C, Leland S McKittrick, and, 
558-603 

Pressure dressing, 670 

Preiser's disease, in scaphoid, carpal fractures of, 
945, 951 

Procaine, for ankle, unilateral fractures of, 1099 
for humerus, upper end, fractures of, 853 
hydrochloride, for nb fractures, 812 
Processes, spinous, 768 
Pronator teres, 929-932 



Prostate, cancer of metastatic bone, with cardnoma, 
353 

Prothesis(ses) ofjo Brace 
Protheses, SI7>S57 

for amputation, congenital, of forearm, 609 
of extremity, upper, 526 
of forearm, aneplastic stump of, 608 611 , 610 
major, in diabetes, 602 
stump of, S4S 

of upper arm, cineplastic stump, 609 611 
for arm, upper amputation of, cineplastic stump 
of, 609 611 

for extremity, upper, amputation of, 526 
for forearm, amputation of, aneplastic stump of, 
608 611, 610 

congenital, amputation of, cineplastic stump of, 
<569 

knee-bearing, 522 
for metacarpals, 8 
permanent, S53 

for ankle, amputation, 552, 553 
for arm, 552 

with Chopart technic for foot, amputation, 552, 
553 

for extremity, lower, 553 
upper, SS2, 553 
for femur, SS4 

for foot, amputation, 552 533 

for forearm, 532 

for hip, SS2 

lot knee, S54 

for leg, SS3, 554 

for Lisfranc technic, for foot, amputation, 552, 
553 

major amputation, in diabetes, 603 
for Pirogoff technic, for ankle, amputation, 552, 
553 

for Syme technic, for ankle, amputataon, 552, 
553 

plaster pylon for, SSO 
specific, 548 

for stump amputation, 548 
for major amputation, in diabetes, 602 
for foot, 551 
for hip, 551 
for leg, 550 

plaster pylon for, 550 551 
temporarj, 550 

tilt table, for hip, permanent prothesss for, 532 
Pseudarthrosis, of extremity, lower, 31 
of fibula, cot^enital, 55, 57, 58. 66, 62, 61 
of hip, with bony ankylosis, 461 
with scoliosis, 192 , 193 
of spine, 20 

of tibia, congenital, 55, 60, 62 
of ulna, 446 

Pubic bone, 800, 801, S02, 803 
Pubis, rami, fractures of, 800, 801, S02 . 803 
Puncture, of blood >essel, with rib fractures, 813 
of lung. With rib fractures, S13 
pleural, with nb fractures, 813 
subarachnoid, with rib fractures, 814 
Putli technic, for contractures, with obstetric pa- 
ralysis, 272 


Putti technic — (Conlmied) 
for torticollis, 314 

for tuberculosis, of knee, arthrodesis in, 400 
Pyarthrosis, with osteomjelitis, acute localized 
489-491 (See also Arthritis, suppurative, 
417-479) 

Pjcmia, 480, 483-488, 574 

Pjlon plaster, for prolheses, 550, 551 

Quadriceps femoris, 225, 227 
tendon, 56, 464 , 465 
Queckenstedt sign, 282 
Quervain tenosynovitis, of fingers, 312 

Rachitis, 119, 124, 500 
Racket incision, S23 
Radiation See Roentgen ray 
Radio ulnar joint, 940 
Radius, absence of, 10 
deformity of, with fracture, 619 
fracture of reduction of, 617, 619 
head of, removal of. 444. 907, 908 
dislocation of, 14, 32 869 922 
head dislocations of, anterior, 905. 916-918, 920 
fractures of, 905-907 
partial, 921 
unreduced, 919 

loner end, fractures of, 938 940 
neck, fractures of, 905-908 
shaft, fractures of, 931, 932 
short, congenital, treatment of 10, 11, 12 
synostosis of. with ulna, 445 
tendons of, avulsion of 1181 
upper end synostosis of, with ulna 13 
Reduction, of fractures See Fractures reduction of 
Refrigeration anesthesia, m amputation, 565 566 
Rehabilitation therapy, for fractures, 684 
Reticulum cell sarcoma, 351, 352 
Revision, of knee, 463 

Rhabdomyoma, of muscle, embryonal, 361, 362 
Rhizomelic spondylosis, 420 
Rhomboid icchnic, for olecranon, fractures of, 903 
Rib fractures, 809-818 
complications of, 814, 815 
multiple, complications in, 815 
relief of pain in, 809-814 
Ribs, deformities of, 173 
Rickets, with genu valgum static, 119 
with genu varum, static, 124 
Rizzo technic, for hip, unstable, with poliomyelitis 
paralysis, 221, 222 

Roberts technic, for knee menisa, tear of, 1057, 
1059 

for malar bone fractures, 701 , 702 
Roentgenographs, of spine, fractures of, 765, 766, 
767. 784, 790 

Roentgen-ray, with bursitis, subdeltoid, 322, 323 
for carcinoma, metastatic bone, 352 
for cyst, of bone, 340 
for endothelioma, of bone, 349 
with foreign bodies, 1251-1253, 1252 
for hemangioma, of joint, 337 
for humerus, birth fractures of, diagnosis of, 1197 
for liposarcoma, of bone, 352 
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Roentgen-ray — (Continued) 
for myeloma, plasma-cell, 351 
for sarcoma, osteogenic, atypical, 347 
reticulum-cell bone, 352 
for scoliosis, symptoms of, 149 
for sprains, with joint fractures. 1135 
for synovioma, 357, 358 
for tumor, giant-cell, 336, 339 
Roger Anderson apparatus, for fractures, 631 
Rogers technic, for contractures, with obstetric 
paralysis. 272 

Rubert, in bursitis, acute subdeltoid, Roentgen-rav 
for, 323 

Ruptures, of muscle, 1168, 1168, 1169 
biceps, 846 

supraspinatus, 844-846 
of tendon, 1168, 1169, 1170-1172, 1171, 1172 
Russell technic, for femur, shaft fractures of adult. 
1018 

for femur, shaft fractures of, childhood. 1008. 
1013 

for fractures, reduction of, traction-suspension 
for, 637 

traction, for low-back pain, 285 

Sabanejefi technic, for amputation, of thigh, 539, 
S46. 547 
Sacralization, 20 

Sacro-iliac joint, 429, 431, 801, 803 
Sacrum, fractures of, 798-808 
transverse, reduction of, 801 
Sandstrom, in bursitis, acute subdeltoid. Roentgen- 
ray for, 322 

Sarcoma, atypical osteogenic, 343, 344. 347 
Ewing's, 349-351 

in humerus, with shoulder, amputation in, SS4 
osteogenic, 341 
atypical, 343, 344, 347 
biopsy, of aspiration in, 341,342 
reticulum-cell bone, 351, 352 
of tendon, 263, 264 

Saucenzation, for osteomyelitis, chronic, 493, 494 
Scanlon table, 62$ 

Scaphoid, carpal, dislocations of, 958 
carpal, fractures of, 944 
nonunion of, 947, 948 
old ununited, 951, 952 
uith Preiser's disease, 945, 95l 
proximal third of, fractures of, 946, 947 
tuberosity of, fractures of, 944 
waist of, fractures of, 944, 945 
tarsal, fractures of, 1116, 1117 
Scapula, biceps tendon of rujiture of. 844-846 
bracbial plexus with, 846, 847, 848 
deformity of, Sprengel’s, 16, 17 
dislocations of, 834 
complications of, 835, 836 
old reduction of, 836, 837 
unreduced, 837, 838 
recurrent. 840, 841 
treatment of, 834-836 
elevation of, congenital, 16, 17 
fractures of, 833 

plexus with, brachial, 846, 847, 848 


Scapula — (Continued) 

recuTTeirt dislocations of 840, 840, 841 842, 842, 
843, 844 

supraspinatus tendons of rnpiun oi 844 845 
tendon of, biceps 846 
supraspinatus 844-846 

osteomyelitis, of tibia, bone adhesion of, 
495-497 

Schanz collar, for spine, lower cervical fractures 
of. 764 

dressing, fer humerus, lower end fractures of, 867 
technic, for hip, congenital dislocation of, low 
osteotomy m, 452, 453 
Sciatica, treatment oi, 1146 
Sclera, blue. 43, 47, 50, SOI 
Scoliosis, classification of, 147 
congenital, 169 
dorsal curve of. 175 
extraspinal, with deformities, 172 
heimvertebrae, causing. J71, 173 
with nb deformity, 173 
with Sprciigel’s deformity, 173 
treatment of, nonsurgical, 21 
surgical, 174 

with unsegmented vertebrae, 172 
curve of, dorsal, pseudarthrosis in, 192 
curve in, paralytic, 169, 170 
primary, 166 
data of, historical, 146 
diagnosis of, 148 
etiology of. 147 

extraspinal, with deformities, 153 
idiopathic, clinical course of, 150 
compensatory curve of, IM, 165 
curves of. pathology of, 155 
treatment of, 156 
type of, 155 

with degeneration, osteoarthnfic, 151,152 
with fifth lumbar tilt, 151, 162, 163, 165 
fully developed curves of, ISI 
with paralysis, 151 

primary curve in, double S shaped, 166, 167 
I6S, 169 

primary curve of, asymmetrical, 185 
dorsal, with compensatory curve, 176, 277 
lumbar, with dorsolumbar, 7i52, 165 
lumbar, with fifth lumbar, lilt of, 162, 163 
165 

primary curves of, C shaped, 153 
cervicodorsal, 157 
compensatory, 154 ff 
dorsal, 157, 160, 174-176, 184, 187 
dorsolumbar, 159, 161, 162, 165 
high dorsal, 157, 158 
identification of. 154 
lumbar, 163 
S-shaped, 153, 165 
triple, 153 

with sacralization, incomplete, 151 
secondary curve of, 176 177 
S-$hapcd, curve of, 163 
pnmary double, 166, 167, 168, 169 
single. 165 

with unstable lumbosacral joint, 163 
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Scoliosis — {Continued) 
withparahsts 169 
svith poliomyelitis 169 J 0 
chronic 249 

mth pseudarthrosis 194 195 
with spastic paral> SIS 26’’ 
symptoms of 14S 
roentgenology in 149 
treatment of nonsurgical 147 
postoperative 190 
surg cal 146-19S 
with delayed union 193 194 
jacket appl cation for 1/8 1 9 191 
with paraplegia 197 
wnth pseudarthrosis 193 
specific 177 

sp nal fusion in 1^3 ISS 
defects of 193 194 196 
wedging m 181 

Screws for fractures See also Plate and screws 
for fractures 

immob liration of internal fixation for 648 650 
652 

lag for femur neck fractures of 990 
*'edatives for fractures treatment of emergency 
660 

Septicemia 480 483-48^ S74 
Sequestrectomy for osteomyel tis chronic 493 
Sera 438 692 
^esamoid bones 1114 
of foot, excision of 479 

Sever technic for contractures w th obstetric pa 
ralysis 271 

Shea techn c, for malar bone fractures of 701 702 
Shelf technic for h p congen tal dislocat on of 118 
for scapula, rccurrewt di lacacwm^ ot 844 
unstable. See Lowman technic for h p unstable 
Sherman plate for forearm fractures of 926 
screw for femur fractures of condyles of 1035 
technic, for fractures contaminated compound 
671 

Shock in amputation, ^’0 Ssa 
with Army Medical Department (clearing) sta 
ton of treatment at, 1227 
in fractures 662 663 

m rib fractures multiple complicat ons of acute 
pleuro pulmonary 815 
Shoes 143 

correctiye for clawtoe, 136 
for genu valgum, static I2I 122 
for hallux valgus 12S, lol 
for pes cavus 138 
for pes \algoplanus 139 141 
SI oulder affections of 311 312 
amputation in, wnth humerus 534 
mterscapulothoracic, 534 
Kocher inasion for “^33 
technic fo 533 
anatomy of 1148 
arthrodesis of 406 434 437 438 
arthroplasty of 437 
arthfotomy of 434 
a p rat on of 4-’4 
boil es in loo<e 434 437 


Shoulder — {Conttnued) 
bursa of subdeltoid 320 433 
bursal wall of excision of 3'’0 436 437 
bursitis of 320 

cuff of mnsculotendinous 1172 1178 1180 1181 
dislocat ons of 834 
drainage of after treatment m 425 
inasioRs for 4^5 426 
epiphyses of cartilaginous 1203 
birth separation of 1203 1207,1208 
girdle See also Extremity upper 
absence of 16 
anatomy of 821 
anomalies of congenita! 16 18 
bones of posit on of 825 
contractures of congenital 46 
injuries to 821 849 
muscles of 823 824 
incision of axillary 437 
inasions for drainage of 4^3 426 
mjunes to military 1233 
I gameots of 822 

injuries of treatment of incis ons for 1143 
muscles of 1172 1178 1180 1181 
musculotendinous cuff of tears of 1172 1}78 

1180 nsi 

periarthntu of 1149 1150 
with pol omyel tis paralysis chronic 210 
snapping 310 
sprains of 1148 
acromioclavicular 1149 
subdeltoid bursa of 3^0 
injection of novocain in 433 
imgabon of J’O 436 
tendoQsof 1172 1178 1180 1181 
treatment of surgical 433 
tuberculosis of 406 

SiCT Queckenstedt for sp nal fluid 282 

Single arch bars 722, 725 

Sisic m bone cyst treatment of surgical 339 

Skeletal mjunes 1189 1209 

Skid Lane 642 

Skid> 642 

Skull birth fractures of 1191 1192 1193 
(birth) injuries to 1190 
Slings for elbow mjunes to 876 
for humerus shaft fractures of 858 
SI pped epiphyses 509 
Smart coil 683 

Smith Beverly C 5^’ 534 536 
Frederick M 869 922 

techn c for amputation of lower leg in dia 
befes 534 586 

Sm th Petersen approach to h p congenital dis 
local on of 114 US 
fusion for low back pain 301 
ma> on, for wrist ligament, 1143 
imgation for burs t 5 acute subdeltoid 320 
nail for femur neck fractures of reduct on of 
984 

na Is for femur trochantenc fractures of m 
temal reduction of 992 

techmc, for acetabuloplasty with degenerative 
arthntis, 4’1 
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Smith-Petersen Approach— (Continued) 
technic — (Continued) 
for acetabuloplasty, of hip, 457, 459 
with malum coxae senilis, 421 
for arthritis, degenerative, acetabuloplasty for 
421 

for arthroplasty, cup, of hip, 459, 461 
for arthrotomy of hip, 434 
for hip, acetabuloplasty of, 457, 459 
arthroplasty of, cup. 459 , 461 
arthrotomy of. 434 

for malum coxae senilis, acetabuloplasty for 
421 

for tuberculosis of sacro-iliac joint, fusion in. 
383 

Smoke gases, 1250 
Soleus muscle, 1X84, 1185 
Soto-Hall technic, 1147 
Spastic paralysis, 255-266 
of arm, 263 
of elbow, 264 
of foot, 255, 257 
of forearm, 264 
of hand, 2M 
of hip, 259, 260 
of knee, 258 
of leg, 262 
with scoliosis, 262 
of wrist, 264 
Speed Kellogg, 844 

technic, for scapula, recurrent dislocations of. 
S44 

Spica See also Bandage 

plaster See also after-treatment of various opera- 
tions 

for arthrodesis, of shoulder, 433 
iot ilrom, wmg fTitvaits cd. reduoiW) cd 799 
for tuberculosis of kmee, J9S, 397 
of shoulder, 408 

for tuberculous coxitis, SS8, 389, 393 
Spina bifida, 19,29 
cervical, treatment of, 17 
with clubfoot, 63 

with foot, congenital deformities of, 63 
occulta, 19, 20 

with foot, congenital deformities of, 63 
vera, 63, 66 

Spinal procaine hjdrochlonde, in minor amputa- 
tion, in diabetes, 565 
-fluid, with low-back pain, 282 
manometric study of, 282 
Spine, anterior superior fractures of, 800 
With arthritis, hypertrophic, 1145 
articular process of, deformity of, 20, 22 
fractures of, 768 
cersical, anatomy of, 779, 780 
dislocations of. 766. 772, 774, 775, 777-779, 
783 

fractures of, birth, 1192, 1194 
lower. 761,764 

spine, cersical fractures of, upper, reduction 
of, 765, 766. 767 
unusual. 793 
tipper, nonunion of, 767 


Spine — (Continued) 
cervical — (Continued) 
spina bifida of, treatment of, 17 
sprains of, 1144, 1145 
deformities of, congenital, 19-22 
dislocations of. 749-797 
cervical, 766, 772, 774, 775, 777-779, 783 
classification of, 749 
fracture. 789, 790, 791, 791, 793 
reduction of, 772 
fifth lumbar of. 783 
posterior dislocation of, 783 
fracture dislocations of, 784, 789, 790, 791, 797. 
793 

fractures of, 749-797 
birth, 1192 

cervical, 761, 765, 766, 767, 793, 1194 
classification of, 749 
compression, unilateral, 771 
hyperextensive. reduction of, 770 
intervertebral disk in. 771 
midthoracic, 757, 768, 770 
reduction of fracture, table in, 754 
thoracic, 759, 760. 768 

thoracolumbar See Spine, thoracolumbar frac- 
tures of 

treatment of. emergency, 662 
uncomplicated crush reduction of, 751, 768 
injuries to. 749-797 
military, 1233 
laminae of, fractures of, 769 
lumbar of. fifth. 783 

sprain of, case history of, 1145 
with poliomyelitis paralysis, convalescent, 204, 
207, 20S, 208 

spinous processes of, fractures of, reduction of, 

m 

sprains of See also Low-back strain 
treatment of, 1145 

thoraoc fractures of, upper, 759, 760, 768 

Sprains of, treatment of, novocain eticupm in. 
1145 

thoracolumbar fractures of, uncomplicatedp 750, 
751, 752. 753, 755, 756, 757. 768. 769 
transverse processes of, fractures of. reduction 
of. 768 

tropism, of congenital, 20 
tuberculosis of, 371 
Spinogram. for low-back pain 283 
Splints, airplane, for humerus, upper end, fractures 
of. 856 

ambulatory, for ankle, bilateral fractures of. 1102, 
1103 

for Pott’s fractures, /JOJ. 1104 
for elbow, injuries to, emergency treatment of, 
876 

emergency, for fractures. 660, 661 
for extremity, upper, military, injuries to. 1288 
for forearm, fractures of, 930 
fnll-nng See Thomas splint 
half-ring, 657, 658, 659 
for humerus, upper end, fractures of. 856 
shaft fractures of, 858, 859 
mtermaxillary for mandible fractures, 728 



INDEX 


XXV 


Splints — (Corthnued) 

Kingsley, 7SS, 739 
for mandible fractures, 720, 727-730 
for maxillary bones, fractures of, 739 
plaster, for CoJles fracture, immobilizatitm of 
64S 

for fractures, immobilization of, 628, 6J0, SSI. 
643, 64S 

for humerus, supracondjlar fractures of, 880 
for 'capula, recurrent dislocations of 841 
sectional, for mandible fractures, 730 
T-shaped, for clavicle, fractures of, 822, 82S 
v-iTc ladder, for ankle, military, injuries to, 1235 
Spondvlolisthesis, 21 
Spondylosis, rhizomelic, 420 
Sprain fractures 1131-1186 
Sprains, 1131-1186 See also specific joints 
with arthritis, 1143 
wnth atrophy of bone, 1144 
diagnosis of, 1135, 1136, 1138. 1140 
Jones technic for, 1134 
Lcnche technic for, 1134 
treatment of, 1133 
of elbow, 875. 890, 1150,1151 
treatment of, 890 
with joint fractures, 1133-1164 
Bohler technic for, 1134 
specific, treatment of. 1139 
treatment of, 1133-1164 
case histones of, 1141 
local anesthesia in, 1139 
skin, analgesia in, 1140 
of wnst, 1141, 1152 
Sprengel’s deformity, of scapula, 16, 17 
with scoliosis, congenital, ITS 
Spurs, calcaneal, of foot, e'^cision of, 478 
Stader splint, for fractures, 628 
Staphylococcus, in acute pjogenic arthritis, 417 
aureus, in osteomyelitis, acute fulminating 4SI 
in osteomyelitis, acute fulminating, 481 
with penicillin 673 
with sulfonamides, 673 
“Stale" fracture, 967, 968 
Steele, Paul B , 798 808 
technic, for fractures treatment of, 680 
Steindler, in low back strain, “trigger points” in 
1147 

modification, for knee, with poliomyelitis, with 
Crego operation for, 836 
stripping operat on, 477 

techmc, for elbow, with poliomyelitis paralysis 
211 

for foot, daw-foot of, with poliom) ehtis, 229 
for pes cams, 477 

for pohoinjelitis, of foot, clawfoot of, 229 
Steinmarn pin, for femur shaft fractures of, adult 
1014 

for femur, supracondylar fractures of, 1029 
trochanteric fractures of, 991 
for humerus, upper end. fractures of, 853 
for tibia, condyles of, fractures of, 1047 
Sternoclavicular joint, 809 818 
Sternum fractures of, 809 818 
reduction of, 816 


Stermitator gases, 1249 

Stimson dressing, for clavide, fractures of, 827 
partial dislocations of, 829 
sign, in humerus, upper end, fractures of, 850 
Stinchfiefd, Frank E, 1051-1078 
Stone technic, for malar bone, fractures of, 701, 
702, 744 

Straith technic, for malar bone, fractures of, 702 
Strapping, of ankle, simple sprains of, 1159 
Streptococcus, m acute pyogenic, 417 
haemolyticus, in osteomyelitis, 488 
in osteomydihs, acute fulminating, 481 
with penicillin, 673 
with sulfonamides, 673 

Slnckler tedinic, for knee, crucial ligaments of, 
1070 

Stump, in amputation 526 
of amputation, in diabetes, postoperative care of, 
597 

protheses for, 548 

cineplastic, of amputation, of forearm, 606, 607 
of forearm, protheses in, 60S 611, 610 
Thiersch graft m 608 
of upper arm, 609 611 
protheses for, 609 611 
congenital, of forearm, technic, 609 
protheses for, 609 

of guillotine amputation, of lower leg, in dia- 
betes. S9S 

prothescs for, preparation for, 548 
of thigh in diabetes 599 

of lower leg, in diabetes postoperative care of 
59$ 

of major amputation, in diabetes, 600, 601 
Subarachnoid puncture, 814 
Subastragaloid joint. 432 
Sudeck's atrophy, 686, 1161 
Sulfa drug therapy See Sulfonamides 
Sulfanilamide, for acute pyogenic arthritis, with 
staphylococcus 417 
with streptococcus, 417 

for amputation, with gas infection and Bacillus 
weldiii, 553 

for Baallus welchn in amputation, 555 
for bursa, of shoulder with wall excision of, 436 
for gonococcus, m subacute pyogenic arthritis, 
418 

for septic arthritis, postoperative treatment of, 
433 

for shoulder, bursal wall of, exasion of, 436 
for staphylococcus, m acute pyogenic arthntis 

417 

for streptococcus in acute pyogenic arthritis. 417 
for subacute pyogenic arthntis, with gonococcus, 

418 

Snlfapyndine, for gonococcus, in subacute pyogenic 
arthntis, 418 

III subacute pyogenic arthntis, with gonococcus, 
418 

Sutfathiazole. for acute pyogenic arthritis, wnth 
staphylococcus, 417 

for bacteriemia, in osteomyelitis, acute, 4S7 
for gonococcus, m subacute pyogenic arthntis, 
4IS 
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Sulfathiazole — (CoHlimied) 
for osteomyelitis, acute, with bactenemia, 487 
for staphylococcus, in acute pyogenic arthritis, 

417 

with streptococcus, 417 

for subacute pjogemc arthritis, with gonococcus, 

418 

Sulfonamides, for bacteriemia, in osteornyelitis, 
acute, 487 
blood level of, 674 
effects of, toxic, 674 
with kidney disease. 674 
with liver disease, 674 
for malar bone, fractures of, 745 
for mandible, fractures of, 736 
for maxillary bones, fractures of, 745 
for minor amputation, m diabetes, 564 
for osteomyelitis, acute, 484, 4S7 
for staphylococcus, 673 
for streptococcus, 673 
use of, 674 

Sulfur-trioxide-ch!orsulfoiuc>acid gas, 1250 
Sun, for tuberculosis, 368 
artificial, for tuberculosis of bone, 369 
Surgery, military, 12U-1254. See also Army, 
Medical Department of 
on battlefield, first aid for, 1227 
specific, 1225 

Suture, primary delayed, for military injuries, 1229 
Syme technic, for amputation, of ankle, 536, 5S7, 
542, SS2. 553 

Symphysis pubis, dislocations of, 801, S02, 803, 804 
Syndactylism, 3, 4. 6, 32. 4‘i. 94, 9i 
Synostosis, congenital, of radius and ulna, 13 , 14 
of radius, and ulna, excision in, 445 
Synoseclomy, for arthritis, rheumatoid, 421 
of knee, 463, 463 
for tuberculosis, of knee, 397 
for tumor, xanthomatous giant-cell, 355 
SynOMoma, 357, 358 
Syphilis, of bone, 502 
with bursitis, 327 


“T” (cactures See specific bones, condyles of. frac- 
tures of 

Table, fracture, for spinal fractures, 754 
Tailor’s bunion, 133 
Tantalum, 646, 648, 650, 651, 652. 654 
Taylor brace, for low-back pain, 2S9 
spinal brace, for abdomen, with poliomyelitis pa- 
ralysis, 207, 203 
for Pott’s disease, 375 

for spine, with poliomyelitis paralysis, 207,203 
technic for spine, bilateral cer>ical dislocations 
of, 766. 772. 775 

Teeth, with jaws, fractures of, 703 

with mandible fractures, fixation of, intermaxil- 
lary wiring in, 721 
Tendo achillis, 312, 475, 476 
Tendons, of back, affections of. 276-332 
biccp', 846 


Tendons — iCoitliuiicd) 
injuries to, 1131-1186 
specific, 1165-1186 
treatment of, 1165, 1166 
lacerations of, 1170 
lengthening of, for, 1172. 1173 
peroneal, slipping of, 313 
quadneeps, absence of ^6 
lengthening of, Bennett technic for, 464 464 
ruptures of, 1168, 1169, 1170-1172, 1171, 1172 
shortening of, for tendon ruptures, 171, 1172, 
1173 

shoulder, 1172-1178, 1180, 1181 
specific affections of. 307-316 
supraspinaliis 844-846 
of thumb, 448 

transference, for poliomyelitis, chrome 209 
of tumors, 360-364 
“Tennis elbowr,” 332 

Tenosynovitis See wider specific body section 
Tenotomy, pynfomiis, for low-back pain, 294 
Test. Ely. for low back pain, 280 
histamine flare, with amputation, 523 
of knee-flexion, prone, 280 
Losegtie. for low-back pain. 280 
Ober, for low-btck pain, 280 
straight leg raising, 280 
Tetanus, in amputations, 555 
in inj'uries, military, treatment of, 1237 
Thermite gas. 1250 

Thiersch graft, for amputation, of forearm, 608 
Thigh, amputation of 539, 544. S4S-S47 
amputation of m di.abetes 588,590 
■n diabetes, Callander tcchiue for, 591, 572 W 
guillotine stump of, in diabetes, postoperative 
cate of, 599 

Sabanejeff technic for 539 ‘^46 , 547 
constriction of. congenital, 44 
Thomas collar, for torticollis, spastic, 315 
hip splint, for tuberculous coxitis, 333, 230 
splint, for femur, sliaft fractures of, adult. lOOS, 
1009, 1012, 1015 
for fibula, shaft fractures of, 1088 
for fractures, of lower extremity, 658, 65S 
reduction of. skeletal traction-suspciisiuii for, 
633. 635. 637, 638. 656 
Sot lower extremity, fractures of, 658, 659 
for tibia, sliaft fractures of, 1088 
technic, for elbow, unreduced dislocations of, 
911 

for humerus, supracondylar fractures of, 861 
for wapula, reiurruit dislovatiim- of 840 
‘Thorax, injuries to, military treatment of 1231 
Thornton, Lawson, 983-999 
Thrombo-angiitis obliterans, SS8, 561 
in amputations, SS8, 559, 604. 603 
Tliumb, amputation of, 528. 530 

metacariial fractures of. 967, 968 
metacarpophalangeal joint of. dislocations of, 973, 
975 

with poliomyelitis paralysis, chronic, 216, 217 
tendons of, 448 

Thrtnus extract, for fractures, 44 



Tibia, absence of, congenital, 32, 3S, 40, 43 
analomj of, 1080,1081 
arrest of growth of, 244 
bowing of, 64 

condyle of, fractures of, reduction of, 1044-1048 
deformities of, 31, 32, 33, 34,35, 36 , 42 
dislocation of, from femur, 1049 
and fibula, genu \"algum of, 469 
genu varum of, 469 
genu valgum of, wnth fibula. 469 
\arum of, with fibula, 469 
lower end of, fractures of, 1110, 1111, 1113 
osteomjebtis of, acute, 492 
with scars adiierent to bone, 49S, 497 
osteotomy of, for genu valgum, with fibula, 469 
for genu X’arum, with fibula, 469 
pseudarthrOsis of, congenital S3, 60 62 
sclerosis of, 5? 

shaft fractures of, 1079-1093 
diagnosis of, 1079 

(internal), reduction of, 1089, 1092, 1092, 
1093 

reduction of, 1079 
BSWet'Braun splint in, 1 QS 6 
manipulation in, 1079 
plaster jacket in, 1079, 1082, 1090 
Unna paste boot in, 1083 . 1090 
reduction with traction of, Caldwell pin lugs in. 
1038 

multiple-pm, 1087, 1088 
Carothers technic for, 1088, 1089 
Griswold apparatus for. 1087 
plaster, 1085, 1091 
smgle pm, 1084. 1085, 1086 
Thomas splint for, 1088 
varieties of, 1079 
lonton of, with poliomyelitis, 228 
tubercle of. avulsion of, 1044 
Tibial spine, of knee, 1075 
Titamura tetrachloride gas, 1250 
Tittenngton's position, for malar bone fractures, 
743 

Tobruk techmc, for fractures, €38 
Toes, absence of, associated wth clubfoot, 96, 9S, 
99 

amputation of, 535, 540, 56S 570, 570,571, 572 
angulation of, congenital, 96 
claw, Hoffman technic for, 479 
congenital, 22. 96, 95. 99 
constriction of, congemtal, 45 
contracture of, congenital, 96 97 
deformities of, 93, 94, 95 

m diabetes, with amputation of, closed tedmic 
for, S6S-S70, 570, 571, 572 
fusion of, congenital, 32, 33 
hypertrophy of, congenital, 23, 25, 26 
macrodactvlism of, 25, 26 94 , 97 
Morton’s, 133 
phalanges of, 1128 
supemumerary, 33, 25, 94 95,96 
amputation of, ofS 
treatment of, W 


Toes — ( ConSmued) 
webbed, 94, 95 

'\facCollum operation for, 3, 6 
‘reatoient of, 3, 6 
Toggling 617 
Torticollis, 313-3IS 

Traction See also specific fractures as Humerus, 
fractures of, traction for 

Traction, for humerus upper end, fractures of, 
reduction of, 853 

for metacarpal, fractures, 968, 971, 972 
overhead, 637, 1007 

skeletal, for femur, shaft fractures of adult, 1014 
for humerus, supracondylar fractures of, re 
duction of 884 

skin, for femur, shaft fractures of, adult, 1011 
for spine, cervical sprains of, treatment of, 1144, 
1145 

Transfusion, of blood, for acute osteomyelitis, 485 
for acute pyogenic arthntis 417 
of blood, for amputation, nith shock, 520 
Transplantation, of tendon, for tendon ruptures 
1171, 1172 
Trapezium, 956, 963 
Trapezoid, 956, 962, 963 
Trauma, treatment of, 615, 916 
Tnbometbanel, 718 
Triquetrum, 955 
Trochanteric fractures, 618 
Tniesdell, Edward D . 1189-1209 
Trunk dislocations of, 747-818 
fractures of, 747-818 

Tubby technic, for forearm, with poliomyelitis pa- 
ralysis, 213 

Tubercle, of tibia, 1044 
Tuberculosis in amputations, 519 
of ankle, 400 
With amputation in 405 
arthrodesis for 403 404 
nonsurgical treatment of 401, 402 
pathology of, 401 
postoperative treatment oi 405 
single bone, excision in, 402 
treatment of. 401, 402 
of bone, 367-416 
general treatment of 367 369 
local treatment of. 369 371 
pathology of 367 
with bursitis, 327 
of elbow, 403 
amputation m, 412 
arthrodesis m, 410-412 
excision in 411,412 
nonsurgical treatment of 409 
pathology of, 408 
resection in, 409 
surgical treatment of 409 
of foot, 400-405 
of joint, 367-416 
general treatment of, 363, 369 
local treatment of, 369-371 
pathology of, 367 
sacro-ihac, 381 
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Tuberculosis— 
of knee, 394 

arthrodesis in, 396, 397, 398, 399, 400 
nonsurgical treatment of, 395-397, 395 
pathology oi, 394 
postoperative treatment of, 400 
surgical treatment of, 397 
synovectomy for, 397 
of sacro-iliac joint, 381 
abscess jn, 382 
arthrodesis in, 382 
fusion in, 382, 383 
pathology of, 381 
treatment of, 382, 386 
of shoulder, 406 
arthrodesis in, 407, 407, 408 
pathology of, 406 
treatment of, 406-408 
of spine, 371 
of wrist, 412 

arthrodesis in, 414, 414, 415 
excision in, 415 
pathology of, 412 
treatment of, 413, 414, 414 
Tuberculous coxitis, 386 
abscess in, 394 
amputation m, 394 
arthrodesis in, 389-391, 392 . 393 
nonsurgical treatment of, 387, 388 . 389 
pathology of, 386 
postoperative treatment of, 393 
surgical treatment of, 389 
Tuberosity, pelvic, 800 
Tumors See also Ganglion 
of bone, 335-359 See also specific tumors as 
Osteoma, Chondroma 
benign, 336 
classiiicatiou of, 335 
malignant, 341 
with pathologic fracture, 353 
of fasciae, 360*364 
dbromatafs), 362 

iibrasarcomatafs} See Fibrosarcoma, of fascia 
specific, 362 
giant-cell, of bone, 336 
epiphyseal chondromatous, 336 
preoperative treatment of, 337 
Roentgen-ray in, 336, 339 
surgical treatment of, 337 , 338 
of tendon, 363 
of tendon sheath, 355 
with xanthoma, 255 
xanthomatous. 355 

of joint, 335-359. See also specific tumors 
benign, 354 
classification of, 354 
malignant, 357 
specific, 354 
of muscle, 360-364 
benign, 360 
classification of, 360 
fibromata (s), 360 
lipomata(s), 360 


Tumors — {Conlmtied) 
of muscle — (Continued) 
malignant, 36! 
rhabdomyomata, 361, 362 
of tendon, 360 364 
benign, 362 
malignant, 363 
specific, 362 

Typhoid in osteomyelitis 502 

Ulcers, trophic, with foot, congenita! deformities of 
63, 66 

treatment of, 63, 67 
Ulna, absence of, 11, 12, 13 
coronoitl process of, fractures of, 904, 905 
head of, dislocation of, 869-922 
processes of chip fractures of, treatment of, 1152 
pseudarthrosis of, treatment of, 446 
shaft fractures of, 929, 930 
short, congenital, 10, 11, 12 , 14 
synostosis of, with radius, 445 
upper end, fractures of, 14, 32, 869-922, 926, 927, 
928 

synostosis of. with radius, 13 
Ulnar nerve. 900 

UtKiform, 951, 957, 962. 963, 964 
Unna paste boot, for fibula, shaft fractures of, 1083, 
1090 

for (ibia, shaft fractures of, 1083 , 1090 

van Arsdale splint, for femur, birth fractures of, 
1198, 1199 

Van Gorder incision, for elbow ligament, injuries 
of. 1143 

Vascular disease, 558 605 
occlusion, 556 

Velpeau bandage, for humerus, cartilaginous, 
epiphyses of, 1207 

Venogram, with hemangioma, of muscle, 360 
Vertebra arcus of. deformities of, congenital, 20, 
21 

fusion of, congenital, 21 
unsegmented, in scoliosis, congenital, 172 
Vesicant gases, 1246 

Vitaihura See Nails, Plates, Screws, Wires 
Volkmann's ischemia, 617 
Von Lackum, William H, 146-198 
Von Recklinghausen’s disease, 500 

Wagner technic, for compound contaminated frac- 
tures, 671 

for hip, unstable, with poliomyelitis paralysis, 

221, 222 

Walton technic, for spine, unilateral, cervical dis- 
locations of, 766, 772, 774 
Watkins technic, for malar bone, fractures of, 701, 
702 

Watson-Jones approach, for hip, congenital dis- 
location of. 116 , 117 
with bursitis, radio-humeral, 332 
techmc, for arthrodesis of hip, with autogenous 
bone pegs. 456 

for fibula, shaft fractures of, 1084 , 1085 
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Watson Jones approach — (Continued) 
technic — (Continued) 

for olecranon fractures of, with repair of 
fascia in, 903 

for spine, uncomplicated, thoracolumbar frac- 
tures of, 757 

for tibia, shaft fractures of, 10S4 , 1085 

for tuberculosis, of shoulder, arthrodesis in, 407 
Wedges, for foot, congemtal inversion, deformity 
of. 89 90 

for forefoot congenital adduction deformity of 
81 83, 84, 86-88 
Wedging in scoliosis, 181 

Wescott technic, for femur, neck fractures of, 984 
WTiite, m femur, arrest of growth of, 244 
m fibula, arrest of growth of, 244 
Iiandle, for femur, neck fractures of, reduction 
using Smith Petersen nail for, 985 
instruments, for femur, arrest of growth of, 248 
phosphorus gas, 1250 

technic, for femur, arrest of growth of, 248, 249 
in tibia, arrest of growth of 244 
^Vhitman modification, of Bradford frame for Potts 
disease, 373 

technic, for acetabulum fractures with protrusion 
into pelvis, 806 

Williams brace, for low back pain, 287, 289 
brace, for low back strain, 1147 
jacket, for low>back pain, 286 290 
Wilms exercises, for hip, pyogemc arthritis of, 433 
technic, for acute pyogenic arthritis, postoper- 
atiie treatment of, 418 
Wlson,J C, 391, 466, 467 
capsulotomy, for poliomyelitis paralysis, of knee 
with flexion deformity of, 223 
and DeSanto classification of tumor, giant cell, 
xanthomatous, 355 

for fractures tTcatmert of, recoostructire bcce 
graft m, 680, 631 

for humerus, diacondylar fractures of, reduc 
tion of, S92 

for knee, 4^, 467 

for tuberculous coxitis, arthrodesis in, 391 
Wires, circumferential, for mandible fractures. 731 
for fractures, immobilization of, 646 
for mandible fractures, 720 
\\inng, intermaxillary, for mandible fractures, 721 


Wounds See Injuries 
Wnst See also Carpus 
absence of, 9 , 10 
amputation of, 529, 531 
arthrodesis of, 412, 446, 447 
aspiration of, 424 
bones of, small, sprains with, 1154 
dislocations of, 957 
drainage of after treatment in, 427 
masion for 426 , 427 
flexion deformity of, 445 
fractures of 938 940 
fusion of, 412 

incision for drainage of, 426, 427 
ligament, injunes of 1143 
with poliomyelitis, chronic, 213, 214 
muscles of ruptures of 1181 
radio uloar ligament of, tear of, 1153 
semilunar bone of, excision of, 447 
spastic paralysis of, 264 
sprains of. 1141, 1152, 1153 
treatment of surgical, 445 
tuberculosis of, 412 
Wry neck 313 315 

Xanthoma of fasaa 362 
with giant cell tumor, of tendon sheath, 355 
of tendon 362 363 
Xeroform gauze 671 
X ray See also Roentgen ray 
for fibro»arcoma of muscle, 361 
for fractures, 621 

for malar bone fractures diagnosis of, Tittering, 
ton’s position in, 743 

for mandible fractures, examination m, 712 
therapy, for Bacillus welchii m amputation, 555 

“Y ’ fractures See specific bones, Condyles of, frac- 
tures of 

Yoerg techmc, for os calcis, fractures of 1124 

‘Z’ tcchruc, for tendons, lengthening of, 1172, 1173 
Zadek technic, for Achdlobursitis, 329 
Zygomatic arch, fractures of 699 702, 701, 743, 
745 

Zygopophysis deformities of, congemtal 20, 22 



